DESCRIPTION 

ENVELOPE GENE -DEFICIENT VIRUS VECTOR OF PARAMYXOVIRIDAE 

5 Technical Field 

The present invention relates to an envelope gene-def lcient 
viral vector of Paramyxoviridae . 

Background Art ' 

10 In many clinical approaches of gene therapy until flow, viral 

vectors from retroviruses, adenoviruses, and adeno-associated 
• viruses have been used. These gene therapy vectors have limitations 
in gene introducing efficiency and persistent expression, and also 
have cell toxicity, and immunogenicity , which are crucial . problems 

15 when it comes to the medical application of these vectors (Lamb, R.A. 
& Kolakofsky, D. , Paramyxoviridae: the viruses and their replication. 
in Fields Virology, 3rd edn, (Edited by B. N. Fields, D..M. Knipe 
&P. P. Howley) pp. 1177-1204 (Philadelphia, Lippincott -Raven (1996) ) . 
Novel vectors based on lentiviruses and HSV have been proposed as 

20 countermeasures , and extensive research is also being carried out 
to improve existing vectors. However, all of these vectors exist in 
the f orm of DNA within the nucleus throughout the life cycle. Therefore, 
it is difficult to fully overcome concerns of safety related to random 
interactions with the patient's chromosomes. 

25 Recent rapid progress of reverse genetics technologies is making 

it possible to develop vectors based on RNA viruses, the development 
of which has been long delayed. Recombinant RNA virus vectors show 
high gene introduction efficiency and expression capability, and thus 
show a very high potentiality as vectors for gene therapy (Roberts, 

30 A. & Rose, J. K., Virology 247, 1-6 (1998); Rose, J., Proc . Natl. 
Acad. Sci. USA 94, 14998-15000 (1996); Palese, P. et al . , Proc. Natl. 
Acad. Sci. USA 93, 11354-11358 (1996)). However, practically useable 
paramyxovirus vectors derived from deficient type genome of attenuated 
viruses have not been reported yet. 

35 Paramyxovirus vectors having negative -strand RNA as the genome 

have several characteristics significantly different from 



* . retroviruses, DNA viruses or positive-strand RNA virus vectors. 
Genomes or antigenomes of negative -strand RNA viruses do-not directly 
function as mRNA, so they cannot initiate the synthesis of viral 
proteins and genome replication. Both RNA genome and antigenorae of 
5 • these viruses always exist in the form of a ribonucleoprotein complex 
. (RNP) , so they hardly cause problems caused by antisense 'strands, 
such as interfering with the assembly of genome to RNP duie'to mRNA 
hybridizing with naked genomic RNA, as in the case of positive strand 
RNA viruses. These viruses comprise their own RNA. polymerases, 
10 performing the transcription of viral mRNAs or replication of viral 
genomes using RNP complex as .the template. Worthy of mentioning is 
that negative- strand RNA (nsRNA) viruses proliferate only in the 
cytoplasm of host cells, causing no integration thereof into 

chromosomes , because they do not go through a DNA phase . Furthermore, 

t 

15 no homologous recombination among RNAs- has been recognized. These 
properties are considered to contribute a great deal to the stability 
and safety of negative -strand RNA viruses as gene expressing vectors. 

Among negative-strand RNA viruses , present inventors have been 
focusing their attention on the Sendai virus (SeV) . Sendai virus is 

20 a non- segmented type negative -strand RNA virus belonging to the genus 
Paramyxovirus, and is a type of murine parainfluenza virus . The virus 
attaches to the host cell membrane via two envelope glycoproteins, 
the hemagglutinin-neuraminidase (HN) and fusion protein (F) , causes 
membrane fusion, and efficiently releases its own RNA polymerase and 

25 the RNA genome, which exists as a ribonucleoprotein (RNP) complex, 
into the cytoplasm, and carries out mRNA transcription of the virus 
and genome replication at the site (Bitzer, M. et al . , J. Virol. 
71(7) : 5481-5486, 1997) . The viral envelope protein F is synthesized 
as an inactive precursor protein (F 0 ) , then divided into Fl and F2 

30 by proteolytic cleavage with trypsin (Kido, H. et al . , Biopolymers 
(Peptide Science) 51(1): 79-86, 1999), and thus becomes an active 
form protein to cause membrane fusion. This virus has been said to 
be non-pathogenic towards humans. In addition, an. attenuated 
laboratory strain (Z strain) of Sendai virus has been isolated, which 

35 only induces mild pneumonia in rodents , the natural hosts . This strain 
has been widely used as a research model for molecular level studies 
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of the tarans.cription- replication mechanism of paramyxoviruses and 

used for preparing hybridomas . In addition to the high safety 

i 

mentioned above; .the virus shows a high production titer of 10 9 " 11 pfu/ml 
in cell lines or chicken eggs. In one recently successful recovery 
5 system of negative -strand RNA yiru^ vector from cDNA, especially high 
reconstitution efficiency has been seen in the case of Sendai virus. 
The capability of recombinant wild type viriises introduced with 
exogenous genes, to. efficiently and stably express , introduced, • 
exogenous gdnes 'is gaining wide attention. 

10 Thus, negative- strand RNA viruses have many advantages as gene 

introducing vectors. However, to , apply for gene therapy, the 
development of highly safe vectors that do not release infectious 
particle's when infected to cells is desired. For that purpose, a 
technique that mass produces viruses deficient in wild type virus 

15 production capability is necessary. 1 However, development of an 
applicable vector based on 'an envelope gene-deficient genome has not 
yet been successful. 

Disclosure of the Invention 

20 The aim of present invention is to provide a paramyxovirus vector 

deficient in an envelope gene. 

To construct a paramyxovirus vector suitable for gene therapy , 
which completely lacks a propagation capability, the present inventors 
deleted F gene of SeV from the genome to establish a method to recover 

25 infectious virus particles in cells expressing F protein of Sendai 
virus, using cDNA in which GFP gene is introduced as a reporter. 
Through this F gene-deficient virus vector, a gene is introduced into 
rat neuronal cells in primary cultures, primitive mouse blood stem 
cells, human normal cells, and various other types of cells with a 

30 high efficiency, and a. high expression was seen. Furthermore, high 
expression was obtained when administrated into rat brain in vivo. 
The F gene-deficient SeV vector expresses a gene relatively 
persistently and strongly in the infected cells without producing 
secondary infectious virus particles, and does not propagate within 

35 adjacent cells. Thus, the usefulness of the vector for gene therapy 
was suggested. 
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Furthermore, the present inventors produced a SeV vector cDNA 
deficient in both F gene and HN gene, to establish a method to recover 
infectious virus particles in a cell line expressing F protein and 
HN protein of Sendai virus . In addition, by introducing the SeV vector 
5 • cDNA into F-expressing cells, the present inventors succeeded in 
.constructing SeV vector deficient in the |HN protein. 

Thus, the present invention establishes an applicable novel 
envelope gene-deficient vector system based on a negative- strand RNA 
virus for the first time. The success in the recovery of infectious 

10 deficient virus particles f rom F gene -deficient , or FHN gene-deficient 
genomic cDNA using helper . cells pave the way. for research and 
development of novel vectors for gene therapy taking advantage of 
the remarkable characteristics of Sender virus. 

The deficient Sendai virus vector of the present invention has 

15 an extremely high gene -introducing efficiency towards various cell 
types and an enormous capability of expressing an exogenous gene. 
Furthermore, it express persistently in infected cells and does not 
release secondary infectious virus particles, proving that it is a 
highly safe vector completely without virus -propagat ing capability. 

20 The stability of genome is pointed out as a problem when using 

RNA viruses .• Heterologous gene expression by SeV vector showed hardly 
any base mutations after continual multiple passages, showing that 
it expresses the inserted heterologous gene stably for a long period 
(Yu, D. et al. Genes cells 2, 457-466 (1997)). Vectors based on 

25 negative -st rand RNA virus replicons have several advantageous 
characteristics such as genome stability or flexibility of the size 
of the. gene introduced or packaging, for they do not have the capsid 
structural protein, when compared to vectors based on replicons of 
Semliki forest virus , an already successful positive- strand RNA virus, 

30 or those of Sindbis virus. At least 4 kbp of exogenous DNA can be 
inserted into the wild type Sendai virus vector, and a much longer 
one can be inserted into the deficient vector. By adding a 
transcription unit, two or more kinds of genes may be expressed 
simultaneously . Persistent expression is expected in the vector based 

35 on replicon of Sendai virus since theoretically, multicopied RNPs 
replicated in the cytoplasm are distributed into daughter cells when 
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cell division occurs . Actually, .this has been demonstrated in an in 
vitro study in a certain kind of blood cells. Furthermore, since the 
present inventors have confirmed that the Sendai virus vector is 
introduced with a higti efficiency into, blood cells, especially 
5 granulocytic. cells, and also that it is introduced into c-kit positive 
primitive cells ', the vector is thought to be a very highly applicable 
vector with a very extensive tissue ' applicatibn range. 

Thus, the present invention relates to envelope gene-deficient, 
Sendai virui vedtor, more' specifically to: 

10 (1) A virus, vector of Paramyxoviridae comprising ( a complex 

comprising (a) paramyxovirus -derived negative -strand 

single- stranded RNA .modified not to express at least one envelope 
protein of Paramyxoviridae viruses, and (b) a protein that binds to 
said negative-strand single -stranded RNA; . 

15 (2) The vector according to (1) , 1 wherein the negative -strand 

single -stranded RNA expresses NP protein, P protein, and L protein, 
and is modified not to express F protein and/or HN protein; 

(3) The 'vector according to (1) or (2) , comprising at least one of 
the envelope proteins whose expression was suppressed in the modified 

20 negative -strand single- stranded RNA; 

(4) A vector according to any one of (1) to (3) , comprising VSV-G 
protein; ■■' 

(5) A 'vector according to any one of (1) to (4), wherein the 
negative -strand single-stranded RNA is derived from Sendai virus; 

25 (6) A vector according to any one of (1) to (5), wherein the 

negative -strand single-stranded RNA further encodes an exogenous 
gene; 

(7) A DNA encoding negative- strand single- stranded RNA comprised 
in a vector according to any one of (1) to (6) , or the complementary 

30 strand thereof; 

(8) A method for producing a vector according to any one of (1) to 
(6), comprising the following steps of: 

(a) expressing vector DNA encoding paramyxovirus -derived 
negative -strand single- stranded RNA modified not to express at least 
35 one envelope protein of Paramyxoviridae viruses, or the complementary 
strand, by introducing into cells expressing the envelope protein, 
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(b) culturing said cells, and, 

(c) recovering the virus particles from the, culture supernatant; 

(9) A method for producing a vector according to any one of (1) to 
(6), comprising the steps of, * * 

(a) introducing, a compiex comprising paramyxovirus -derived 
.negative -strand single-stranded RNA modified not to express" at least 
one envelope protein of Paramyxoviridae viruses., and a protein'bindmg 
to said negative -strand single- stranded RNA, into cells expressing 
said envelope protein, 

(b) culturing said cell, and, < 

(c) recovering virus particles from the culture supernatant; 

(10) The method according to (8) or (9,) , wherein the cell culture 
in (b) is a co-culture with cells expressing envelope proteins; 

(11) The method according to (8) or (9), wherein cells expressing 
envelope proteins are overlaid to said cells in cell culture in -(b) ; 

(12) A method according to any one of (8) to (11) , wherein at least 
one envelope protein expressed by cells is identical to at least one 
envelope protein whose expression is suppressed in the negative -strand 
single- stranded RNA described above; 

(13) A method according to any one of (8) to (12) , wherein at least 
one envelope protein expressed by the cells is VSV-G protein. 

In the present invention, the term "vector" indicates virus 
particles in which nucleic acid molecules for expressing exogenous 
gene in hosts are packaged. 

U NP, P, M, F, HN and L genes" of viruses belonging to the family 
Paramyxoviridae refer to genes encoding nucleocaps id, phospho, matrix 
fusion, hemagglutinin-neuraminidase and large proteins , respectively 
Respective genes of viruses belonging to subfamilies of the family 
Paramyxoviridae are represented in general as follows. NP gene is 

HN - L 

HN (SH) L 

H - L 



generally described also as the "N gene" . 
Genus N P/C/V M F 

Respirovirus 

Genus N P/V M F 

Rubullavirus 

Genus N P/C/V M F 
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Morbillivj_fus . 

Database accession numbers for nucleotide sequences of genes 
of the Sendai 'virus classified into Respirovirus of the family 
Paramyxoviridae are, M29343, M30202, M3020.3, M30204, M51331, M55565, 
M69046 and X17218 for NP gene, M3 02Q2 , M3 0203 , M30204, M55565, M69046, 
5 X00583, X17007 and X17008 for P gene, D11446, K02742, M30202, M30203, 
M30204, M69046., U31956, X00584 and X53056 forM^ene, D00152, D11446, 
D17334, D17335, M30202, M30203 , ' M30204 , M69046, X00152 , and X02131, 
for F gene, t>26475, M12397', M30202, M30203., M30204, M69046, X00586, 
X02808 and X56131 for HN gene, and D00053, M30202, M3020^, M30204, 
10 M69040, X00587 and X58886 for L gene. 

The present invention relates to envelope gene -deficient 
virus vectors of Paramyxoviridae*. The virus vector comprises 
paramyxovirus -derived negative-strand single-stranded RNA. modified 
not to express at least one envelope protein. Paramyxovirus generally 

15 comprises a complex of RNA and protein (ribonucleoprotein; RNP) in 

♦ 

the envelope. The RNA comprised in RNP is negative -strand 
(negative*- strand) single -stranded RNA, which is the genome of 
paramyxovirus. The protein binds to the RNA to form the complex. 
Namely, a virus vector of Paramyxoviridae according to this invention 

20 comprises a complex comprising (a) a paramyxovirus -derived 
negative- strand single- stranded RNA modified so as not to express 
at least' one of the envelope proteins of Paramyxoviridae viruses and 
(b) a protein binding to said negative -strand single-stranded RNA. 
Proteins binding to a negative -strand single -stranded RNA refer to 

25 proteins binding directly and/or indirectly to the negative-strand 
single-stranded RNA to form an RNP complex with the negative -strand 
single- stranded RNA. In general, negative -strand single- stranded 
RNA (genomic RNA) of paramyxovirus is bound to NP, P and L proteins. 
RNA contained in this RNP serves as the template for transcription 

30 and replication of RNA (Lamb, R. A., and D. Kolakofsky, 1996, 
Paramyxoviridae : The viruses and their replication, pp. 1177-1204. 
In Fields Virology, 3 rd edn. Fields, B. N., D. M. Knipe, and P. M. 
Howleyetal. (ed.), Raven Press, New York, N. Y.). Complexes of this 
invention include those comprising negative- strand single-stranded 

35 RNAs originating in paramyxovirus and proteins also originating in 
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paramyxovirus which bind to- the RNAs. Vectors of this invention 

comprises RNP comprising, for example, negative -strand 

single-stranded RNA of paramyxoviruses to which these proteins (NP, 

P and L proteins) are bound. In general, RNP complexes of paramyxovirus 

5- are capable of autonomously self -replicating in host cells. Thus, 

.vectors transferred to cells intracellularly proliferate RNP to 

• .1 
increase the copy number of the gene (RNA contained in complex)' / thereby 

leading to a high level .express ion of a foreign gene from RNP carrying 

the foreign gene. Vectors of this invention are preferably those 

10 capable of replicating RNA contained in complexes (RNP) in transf ected 

cells. 

In addition to the Sendai virus, the Paramyxoviridae virus for 
which the present invention can be applied is, for instance, measles 
virus, simian parainfluenza virus (SV5) , and human parainfluenza virus 

15 3, but is not limited to thereto. 

Negative-strand single-stranded RNAs contained in viral vectors 
are modified, typically, so, as to express NP, P and L proteins, but 
not F and/or HN proteins. 

In the case of Sendai virus (SeV) , .the genome of the natural 

20 virus is approximately 15,000 nucleotides in size, and the 
negative -strand comprises six genes encoding NP (nucleocapsid) , P 
' (phospho) , M (matrix) , F (fusion) , HN (hemagglutinin- neuraminidase) 
and L (large) proteins lined in a row following the 3' -short leader 
region, and a short 5' -trailer region on the other end. In this 

25 invention, this genome can be modified so as not to express envelope 
proteins by designing a genome deficient in any of F, HN and M genes, 
or any combination thereof. Deficiency in either F gene or HN gene, 
or both is preferred. Since these proteins are unnecessary for the 
formation of RNP, RNPs of this invention can be manufactured by 

30 transcribing this genomic RNA (either positive or negative -strand) 
in the presence of NP, P and L proteins . RNP formation can be performed, 
for example, in LLC-MK2 cells, or the like. NP, P and L proteins can 
be supplied by introducing to. cells expression vectors carrying the 
respective genes for these proteins (cf . examples) . Each gene may 

35 be also incorporated into chromosomes of host cells. NP, P and L genes 
to be expressed for the formation of RNP need not be completely 
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identical tq those- genes encoded in the genome of the vector. That 
is, amino acid sequences of proteins encoded by these genes may not 
be identical to, ithose of proteins encoded by RNP genome, as long as 
they can bind to the genomic RNA and are capable of replicating RNP 
5 in. cells, and these genes may ,be induced .with mutations or replaced 
with homologous genes from other viruses. Once an RNP is formed, NP, 
P and L genes are expressed from this RNP to autonomously replicate 
RNP in the cells and. produce viral vectors. . , 

If an Envelop protein is infected to .cells when reconstituting 

10 a vector within, cells, this envelop protein will be incorpqrated into 
cells, enabling the production of ' infect ious viral vectors due to 
the envelope protein. Such a vector, once infected to cells, cannot 
produce viruses comprising an envelope protein as the initial virus 
can, because it does not have the envelope gene, though it cart propagate 

15 RNP within the. cells. Such a vector is very useful in fields such 
as gene therapy where exceptionally high safety is required. 

Viral vectors with equivalent infection capability as the wild 
type virus can be produced by expressing the envelope protein whose 
expression is suppressed in modified negative -strand single-stranded 

20 RNA, namely envelope gene deficient in the genome, at the time of 
virus reconstitution . Expressing a. portion of envelope gene deficient 
in the genotae is also conceivable . For example, when F protein alone 
is expressed against the genome deficient in both F and HN gene, a 
virus vector with F protein as envelope is produced. The virus with 

25 only F protein, but without HN protein, can be used as a vector that 
infects specifically to hepatocytes, mediated by asialoglycoprotein 
receptor (ASG-R) . Thus, viral vectors of Paramyxoviridae comprising 
at least one envelope protein whose expression is suppressed in 
modified negative- strand single -stranded RNA are included in the 

30 present invention. ' 

In addition, it is also possible to reconstitute the vector of 
the present invention by using envelope proteins different from that 
whose expression was suppressed by modifying negative-strand 
single-stranded RNA. There is no particular limitation on the type 

35 of such envelope proteins. One example of other viral envelope 
proteins is the G protein (VSV-G) of vesicular stomatitis virus (VSV) . 
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The virus vector of Paramyxoviridae of the present invention includes 
• pseudo-type viral vectors comprising envelope, protein derived from 
a virus different to the virus from which the genome is derived, such 
as VSV-G protein, 'and the like. ' ♦ 

5 • Viral vectors of this invention can be usually prepared by (a) 

.introducing a vector DNA encoding paramyxovirus -derived 
negative -strand single- stranded RNA that has been modified" do as not 
to express at least , one of the viral envelope proteins of 
Paramyxoviridae viruses, or a complementary strand of said RNA, into 
10 cells (helper cells) expressing envelope'proteins to express the RNAs , 
and (b) culturing the cells to recover viral particles from the culture 
supernatant. By coexpressing NP, L and P proteins at the time of vector 
DNA expression, RNPs are formed and a vi'rus having envelope proteins 
is constructed. 

15 Vector DNA to be expressed 1 in helper cells encodes 

negative-strand single- stranded RNA (negative-strand) or 
complementary strand thereof; (positive strand) contained in complexes 
of this invention. For example, DNA encoding negative -strand 
single- stranded RNA or complementary s.trand thereof is linked 

20 downstream of T7 promoter to be transcribed to RNA by T7 RNA polymerase . 
Vector DNAs may be cloned into plasmids to amplify in E . coli . Although 
' the strand to be transcribed inside cells may be either positive or 
negative -strand, it is preferable to arrange so as to transcribe the 
positive strand for the improvement of complex reconstitution 

25 efficiency. 

As helper cells, cells expressing envelope protein are used. 
As described above, helper cells are not limited to cells expressing 
all proteins of envelope genes deficient in the virus vector, for 
instance, for F, HN gene-deficient Sendai virus vector DNA, cells 

30 expressing F protein alone can be used as helper cells. In addition, 
cells expressing envelope protein different to the protein encoded 
by the envelope gene deficient in the virus vector may also be used. 
For example, as described above, an envelope protein that is not the 
envelope protein of a virus of Paramyxoviridae such as VSV-G protein 

35 can also be used as an envelope protein. 

For example , a viral vector can be reconstituted by transf ecting 
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a plasmid expressing a recombinant Sendai virus vector genome 
deficient in envelope genes into host cells together with a vector 
expressing the ' ( def icient envelope protein and NP, P/C and L protein 
expression vectors. Alternatively RNP complex can be manufactured 
5 using, for example, host cells, incorporated with F gene into 
chromosomes thereof. Amino acid sequences of these protein groups 
supplied from outside the viral genome need not be identical to those 
deriving from the virus. As long as these proteins are equally active, 
to or more attivfe than natural type proteins in transferring nucleic 

10 acids into cells, genes encoding these proteins may be mpdified by 
inserting some mutations or replacing.withhomologous genes from other 
. viruses. Since, in general , many envelope proteins show cytotoxicity , 
and therefore, they may be arranged to be expressed only when the 
vector is reconstituted under the control of an inducible. promoter 

15 (cf. examples).. 1 

Once RNP or virus comprising RNP is formed, complexes of this 
invention can be amplified by introducing this RNP or virus again 
into the aforementioned helper cells and culturing them. This process 
comprises the steps of (a) introducing a , complex comprising 

20 negative -strand single- stranded RNA derived from paramyxovirus 
modified not to express at least one envelope protein of viruses 
belonging to Paramyxoviridae , and a prcptein that binds to- said 
negative -strand single-stranded RNA . to cells expressing envelope 
proteins, and (b) culturing the cells and recovering virus particles 

25 from the culture supernatant . 

RNP may be introduced to cells as a complex formed together with, 
for example, lipof ectamine and a polycationic liposome. Specifically, 
a variety of transfection reagents can be utilized. Examples thereof 
are DOTMA (Boehringer) , Superfect (QIAGEN #301305) , DOTAP, DOPE, 

30 DOSPER (Boehringer #1.811169) , etc. Chloroquine may be added to 
prevent RNP from decomposition in endosomes (Calos, M. P., 1983, Proc. 
Natl. Acad. Sci. USA 80: 3015). 

Once a viral vector is thus constructed in host cells, it can 
be further amplified by coculturing these cells with cells expressing 

35 envelope proteins. As described in Example 12, a preferable example 
is the method of overlaying cells expressing envelope proteins over 
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virus producing cells. 

As an envelope protein, besides a viral envelope protein, for 
example, a chimeric protein comprising, in its extracellular- region, 
a polypeptide derived from an adhesion ' molecule , ligand, receptor 

5. protein, and such that can adhere to specific cells, and in its 
.intracellular region, polypeptides derive^ from virus envelope can 
be used. Hereby, vectors targeted to specific tissues can be produced. 
Viral vectors of this invention, .for example, may comprise a viral 
gene contained in the vector that has been modified to reduce the 

10 antigenicity or enhance the RNA transcription and replication 
efficiency. 

Viral vectors of this invention may include RNA encoding a 
foreign gene in their negative- strand single- stranded RNA. Any gene 
desired to be expressed in target cells may be used as the foreign 

15 gene. For example, when gene therapy is intended, a gene for treating 
an objective disease is inserted into the viral vector DNA. In the 
case where a foreign gene is, inserted into the viral vector DNA, for 
example, Sendai viral vector DNA, itis preferable , to insert a sequence 
comprising a nucleotide number of a multiple of six between the 

20 transcription termination sequence (E) and transcription initiation 
sequence (S) , etc. (Journal of Virology , Vol . 67, No. 8, 1993, 
' p. 4822-4830) . Foreign gene may be inserted before or after each of 
the virus genes (NP, P, M, F, HN and L genes) (cf . examples) . E-I-S 
sequence (transcription initiation sequence- intervening 

25 sequence-transcription termination sequence) or portion thereof is 
appropriately inserted before or after a foreign gene so as not to 
interfere with the expression of genes before or after the foreign 
gene. Expression level of the inserted foreign gene can be regulated 
by the type of transcription initiation sequence added upstream of 

30 the foreign gene, as well as the site of gene insertion and nucleotide 
sequences before and after the gene. For example, in Sendai virus, 
the nearer the insertion site is to the 3' -end of negative -strand 
RNA (in the gene arrangement on the wild type viral genome, the nearer 
to NP gene) , the higher the expression level of the inserted gene 

35 is. To secure a high expression level of a foreign gene, it is 
preferable to insert the foreign gene into upstream region in 
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negative- str;ahd genome such as upstream of NP gene (the 3' -side in 
negative.- strand) or between NP and P genes. Conversely, the nearer 
the insertion position is to the 5' -end of negative -strand RNA (in 
the gene arrangement ori the wild type viral genome, the nearer to 
5 L gene) , the -lower the expression .level of the inserted gene is. To 
suppress the 'expression of a foreign gene to a low level, the foreign 
gene is inserted, for example, to ' the far fnost 5' -side of the 
negative -strand, that is, downstream of L gene in the wild type viral, 
genome (the 5"' -side adjacent to L gene in negative-strand) or upstream 

10 of L gene (the, 3 '-side adjacent to L gene in negative -strand) . To 
facilitate the insertion of a foreign gene, a cloning site may be 
. designed at the inserting position. The cloning site can be arranged 
to be, f6r example, the recognition sequence for restriction enzymes. 
Foreign gene fragments can be inserted into the restriction enzyme 

15 site in the vector DNA encoding the 1 genome. Cloning site may be 
arranged to be a so-called fnulti- cloning site comprising a plurality 
of restriction enzyme recognition sequences. Vectors of this 
invention' may harbor at the insertion sites foreign genes other than 
those described above. 

20 Recombinant Sendai virus vectors comprising a foreign gene can 

be constructed as follows according to, for example, the description 
in "Kato, A. et al . , 1997, EMBO J. 16: 578-587" and "Yu, D. et al . , 
1997, Genes Cells 2: 457-466". . 

First, a DNA sample comprising the cDNA nucleotide sequence of 

25 a desired foreign gene is prepared. It is preferable that the DNA 
sample can be electrophoretically identified as a single plasmid at 
concentrations of 25 ng/|il or more. Below, a case where a foreign 
gene is inserted to DNA encoding viral genome utilizing NotI site 
will be described as an example . When NotI recognition site is included 

30 in the objective cDNA nucleotide sequence, it is preferable to delete 
the NotI site beforehand by modifying the nucleotide sequence using 
site-specific mutagenesis and such method so as not to alter the amino 
acid sequence encoded by the cDNA. From this DNA sample, the desired 
gene fragment is amplified and recovered by PCR. To have NotI sites 

35 on the both ends of amplified DNA fragment and further add a copy 
of transcription termination sequence (E) , intervening sequence (I) 



and transcription initiation sequence (S) (EIS sequence) of Sendai 
virus to one end, a forward side synthetic DNA sequence and reverse 
side synthetic DNA sequence (antisense strand) are prepared as a pair 
of primers containing Not I restriction enzyme cleavage site sequence, 
5* transcription termination sequence (E) , intervening sequence (I) , 
.transcription initiation sequence (S) and ia partial sequence of the 
objective gene. - 

For example, to . secure cleavage by NotI, the forward side 
synthetic DNA sequence is arranged in a form in which any two or more 

10 nucleotides (preferably 4 nucleotides excluding GCG and GCC, sequences 
originating in NotI recognition site, more preferably ACTT) are 
selected on the 5' -side of the synthetic, DNA, NotI recognition site 
"gcggccgc" is added to its 3' -side, and 1 to the 3' -side thereof, any 
desired 9 nucleotides or nucleotides of 9 plus . a multiple of 6 

15 nucleotides are added as the spacer sequence , and to the 3 ' -side thereof , 
about 25 nucleotide-equivalent ORF including the initiation codon 
ATG of the desired cDNA is ^dded. It is pref erable to select about 
25 nucleotides from the desired cDNA as the forward side synthetic 
DNA sequence so as to have G or C as the final nucleotide on its 3' -end. 

20 In the reverse side synthetic DNA sequence, any two or more 

nucleotides' (preferably 4 nucleotides excluding GCG and GCC, sequences 
' originating in the NotI recognition site, more preferably ACTT) are 
. selected from the 5' -side of the synthetic DNA, NotI recognition site 
"gcggccgc" is added to its 3' -side, and to its further 3' -side, -an 

25 oligo DNA is added as the insertion fragment to adjust the length. 
This oligo DNA is designed so that the total nucleotide number including 
the NotI recognition site "gcggccgc" , complementary sequence of cDNA 
and EIS nucleotide sequence of Sendai virus genome originating in 
the virus described below becomes a multiple of six (so-called "rule 

30 of six"; Kolakofski, D. et al., J. Virol. 72: 891-899, 1998). Further 
to the 3' -side of inserted fragment, a sequence complementary to S 
sequence of Sendai virus, preferably 5 ' -CTTTCACCCT-3 ' , I sequence, 
preferably 5 ' -AAG-3 ' , and a sequence complementary to E sequence, 
preferably 5 ' -TTTTTCTTACTACGG- 3 9 , is added, and further to the 3 '- side 

35 thereof, about 25 nucleotide-equivalent complementary sequence 
counted in the reverse direction from the termination codon of the 
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desiredcDNA sequence the length of which is adjusted to have Gor 

C as the. final nucleotide, is selected and added as the 3' -end of 

i 

the reverse side synthetic DNA. 

PCR can be done according to the usual method with, for example, 
5 ExTaq polymerase (Takara Shuzo.) . preferably, PCR is performed using 
Vent polymerase (NEB) , and desired fragments thus amplified are 
digested with NotI, then inserted to NotI site 6f the plasmid vector 
pBluescrip't-. Nucleotide sequences of PCR products thus obtained are, 
confirmed with a Sequencer to select a plasmid having the right sequence . 

10 The inserted fragment is excised from the plasmid using, NotI, and 
cloned to the NotI site of the plasmid carrying the genomic cDNA 
deficient in envelope genes. Alternatively, it is also possible to 
obtain the recombinant Sendai virus cDNA by directly inserting the 
fragment to the NotI site without the mediation of the plastnid vector 

15 pBluescript. 

It is also possible to'transcribe a viral vector DNA of the present 
invention in test tubes or cells, reconstitute RNP with viral L, P 
and NP proteins, and produce the virus vector comprising this RNP. 
Reconstitution of virus from the viral vector DNA can be carried out 

20 according to methods known in the art using cells expressing envelope 
proteins (W097/ 16539 and 97/16538 : Durbin, A. P . et al . , 1997 , Virology 
235: 323-33'2; Whelan, S. P. et al . , 1995, Proc. Natl. Acad. Sci. USA 
92: 8388-8392; Schnell, M. J. et al . , 1994, EMBO J. 13: 4195-4203; 
Radecke, F. et al . , 1995, EMBO J. 14: 5773-5784; Lawson, N. D. et 

25 al., Proc. Natl. Acad. Sci . . USA 92: 4477 : 4481; Garcin, D. et al . , 
1995, EMBO J. 14: 6087-6094; Kato, A. et al . , 1996, Genes Cells' 1: 
569-579; Baron, M. D. and Barrett, T., 1997, J. Virol. 71: 1265-1271; 
Bridgen, A. and Elliott, R. M . , 1996, Proc. Natl. Acad. Sci. USA 93: 
154 00-154 04) . When a viral vector DNA is made deficient in F, HN and/or 

30 M genes , infectious virus particles are not formed with such a defective 
vector. However, it is possible to form infectious virus particles 
by separately transferring these deficient genes , genes encoding other 
viral envelope proteins, and such, to host cells and expressing them 
therein. 

35 Methods for transferring viral vector DNA into cells include 

the following: 1) the method of preparing DNA precipitates that can 
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' . be be taken up by objective cells; 2) the method of preparing a DNA 
comprising complex which is suitable for being, taken up by objective 
cells and which is also not very cytotoxic and has a positive charge, 
and 3) the method of instantaneously boring on the objective celLular 
5 • membrane pores wide enough to allow DNA molecules to pass through 
.by electric pulse. i 

In Method 2) , a variety of transfection reagents can be Utilized, 

• , examples being DOTMA (Boehringer) , Superfect (QIAGEN #301305) , DOTAP, 

DOPE, DOSPER (Boehringer #18111.69) , etc'. An example of Method 1) is 

10 a transfection method using calcium phosphate, in which DNA that 
entered cells are incorporated into phagosomes, and a sufficient 
amount is incorporated into the nuclei as. well (Graham, F. L. and Van 
' Der Eb, J., 19.73, Virology 52: 456; Wigler, M. and Silverstein, S.., 
1977, Cell 11: 223). Chen and Okayama have investigated the 

15 optimization of the transfer technique; reporting that 'Optimal DNA 
precipitates can be obtained under the conditions where 1) cells are 
incubated with DNA in an atmosphere of ,2 to 4% C0 2 at 35°C for 15 to 
24 h, 2) cyclic DNA with a higher precipitate-forming activity than 
linear DNA is used, and 3 ) DNA concentration, in the precipitate mixture 

20 is 20 to 30 |ig/ml (Chen, C. and Okayama H . , 1987, Mol . Cell. Biol. 
7: 2745) . Method 2) is suitable for a transient transfection. An old 
' method is known in the art in which a DEAE-dextran (Sigma #D-9885, 
M..W. 5 x 10 5 ) mixture is prepared in a desired DNA concentration ratio 
to perform the transfection. Since most of the complexes are 

25 decomposed inside endosomes, chloroquine may be added to enhance 
transfection effects (Calos, M. P., 1983, Proc . Natl. Acad. Sci. USA 
80: 3015) . Method 3) is referred to as electroporat ion, and is more 
versatile compared to methods 1) and 2) because it doesn't have cell 
selectivity. Method 3) is said to be efficient under optimal 

30 conditions for pulse electric current duration, pulse shape, electric 
field potency (gap between electrodes, voltage) , conductivity of 
buffers, DNA concentration, and cell density. 

Among the above -described three categories, transfection 
reagents (method 2)) are suitable in this invention, because method 

35 2) is easily operable, and facilitates the examining of many test 
samples using a large amount of cells. Preferably, Superfect 
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Transfeotibn Reagent (QIAGEN, Cat. No: 3013.05) or DOSPER Liposomal 
Transf ec.tion Reagent (Boehringer Mannheim, Cat. No. 1811169) is used. 

Specifically, the reconstitution of the viral vector from cDNA 
can be performed as. foilows. 
5 Simian .kidney-derived LLC-MJC2 cells are cultured in 24 -well to 

6-well plastic culture plates or 100 mm diameter culture dish using 
a minimum essential medium (MEM) containing 10% fetal calf serum (FCS) 
and antibiotics (100 units/ml penicillin G and 100 Jig/ml streptomycin) , 
to 70 to 80% 'conf luency, and infected, for example, with recombinant 

10 vaccinia virus. vTF7-3 expressing T7 polymerase at 2 PFU/9ell. This 
virus has been inactivated by a UV irradiation treatment for 20 min 
in the presence of 1 |ig/ml psoralen (Fuerst, T. R. et al. , Proc. Natl. 
Acad. Sdi. USA 83: 8122-8126, 1986;' Kato, A. et al . , Genes Cells 1: 
569-579, 1996) . Amount of psoralen added and UV irradiatibn time can 

15 be appropriately adjusted. One hour after the infection, the cells 

are transf ected with 2 to '60 \ig , more preferably 3 to 5 jig, of the 

» 

above-described recombinant Sendai virus cDNA by the lipofection 
method and such using plasmids (24 to 0.5. Jig of pGEM-N, 12 to 0.25 
^ig of pGEM-P and 24 to 0 . 5 jig of pGEM-L, more preferably 1 |Lig of pGEM-N, 

20 0.5 |lg of pGEM-P and 1 [ig of pGEM-L) (Kato, A. et al . , Genes Cells 
1: 569-579, 1996) expressing trans-acting viral proteins required 
for the production of full-length Sendai viral genome together with 
Superfect (QIAGEN) .... .The transf ected cells are cultured in a 
serum-free MEM containing 100 fig/ml each of rifampicin (Sigma) and 

25 cytosine arabinoside (AraC) if desired, more preferably only 
containing 40 |ig/ml of cytosine arabinoside (AraC) (Sigma), and 
concentrations of reagents are set at optima so as to minimize 
cytotoxicity due to the vaccinia virus and maximize the recovery rate 
of the virus (Kato, A. et al . , 1996, Genes Cells 1, 569-579) . After 

30 culturihg for about 48. to 72 h following the transf ection, the cells 
are recovered, disrupted by repeating three cycles of freezing and 
thawing, transf ected to LLC-MK2 cells expressing envelope proteins, 
and cultured. After culturing the cells for 3 to 7 days, the culture 
solution is collected. Alternatively, infectious virus vectors can 

35 be obtained more efficiently by transfecting LLC-MK2 cells already 
expressing envelope proteins with plasmids expressing NP, L and P 



proteins, or transfecting together with an envelope-expressing 
plasmid. Viral vectors can be amplified by culturing ■ these cells 
overlaid on LLC-MK2 cells expressing envelope proteins (cf . examples) .. 
Virus titer contained in the culture supernatant can be determined 
5 • by measuring the hemagglutination activity (HA) , which can be assayed 
,by "endo-point dilution method" (Kato, A. ,et. al., 1996, Genes Cells 
1, 569-579) . Virus stock thus obtained, can be stored at -80°C. 

Recombinant Sendai virus vectors of this invention can be 
appropriately diluted, for example, with physiological saline and 

10 phosphate-buffered physiological saline (PBS) to prepare a 
composition. When recombinant Sendai virus vectors of this invention 
are proliferated in chicken eggs and such,, the composition can include 
chorioallantoic fluid. Compositions comprising recombinant Sendai 
virus vectors of this invent ion may contain physiologically acceptable 

15 media such as deionized water, 5% dextrose aqueous, solution, and so 
on, and, furthermore, other stabilizers, and antibiotics may also be 
contained. 

The type of host cells used for virus reconstitution is not 
particularly limited, so long as viral ve,ctor can be reconstituted 

20 therein. For example, in the reconstitution of Sendai virus vector 
or RNP complex, culture cells sucli as simian kidney-derived CV-I cells 
'' and LLC-MK2 cells, hamster kidney-derived BHK cells, and so on can 
be used. Infectious virus particles having the envelope can be also 
obtained by expressing appropriate envelope proteins in these cells. 

25 To obtain Sendai virus vector in a large quantity, the vector can 
be amplified, for example, by infecting virus vector obtained from 
the above-described host cells into embryonated chicken eggs together 
with vectors expressing envelope genes . Alternatively, viral vectors 
can be produced using transgenic chicken eggs incorporated with 

30 envelope protein genes. Methods for manufacturing viral fluid using 
chicken eggs have been already developed (Nakanishi, et al . (eds. ) , 
1993, "Shinkei-kagaku Kenkyu-no Sentan-gi jutu Protocol III (High 
Technology Protocol III of Neuroscience Research), Molecular 
Neurocyte Physiology, Koseisha, Osaka, pp. 153-172). Specifically, 

35 for example, fertilized eggs are placed in an incubator and incubated 
for 9 to 12 days at 37 to 3 8°C to grow embryos. Sendai virus vector 
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is inoculated together with vectors expressing envelope proteins into 
chorioallantoic cavity of eggs, and cultured for several days to 
proliferate the, virus. Conditions such as culture duration may be 
varied depending on ttie type of recombinant Sendai virus used. 
5 Subsequently; chorioallantoic .fluid compr.ising the virus is recovered. 
Separation and purification of Sendai virus vector can be performed 
according to the standard methods (Tashiro, M'. , "Virus Experiment 
Protocols" , Nagai and Ishihama (eds.) , Medicalview, pp. 68 T 73 (1995)) . , 
As a 'vector to express envelope .proteins, viral vectors 

10 themselves of this invention may be used. For example, whep two types 
of vectors in which the envelope gene/deficient from the viral genome 
is different are transferred to the same cell, the envelope protein 
def icieilt in one RNP complex is supplied by the expression of the 
other complex to' complement each other;, thereby leading ' to the 

15 formation of infectious virus particles and activation of replication 
cycle to amplify the viral ' vectors . That is, when two or more types 
of vectors are inoculated to cells in combinations so as to complement 
each other's envelope proteins, mixtures of virus vectors def icient 
in respective envelope proteins can be produced on a large scale and 

20 at a low cost . Mixed viruses thus produced are useful for the 
production of vaccines and such. Due to the deficiency of envelope 
genes , thesfe viruses have a smaller genome size compared to the complete 
virus, so they can harbor a long foreign gene. Also, since these 
originally non-infectious viruses are extracellularly diluted, and 

25 its difficult to retain their, coinfection, they become sterile , which 
is advantageous in managing their release to the environment. 

Gene therapy is enabled by administering viral vectors when the 
viral vectors are prepared by using a therapeutic gene as the foreign 
gene. In the application of viral vectors of this invention to gene 

30 therapy, it is possible to express a foreign gene with which treatment 
effects are expected or. an endogenous gene the supply of which is 
insufficient in the patient's body, by either direct or indirect (ex 
vivo) administration of the complex. There is no particular 
limitation on the type of foreign gene, and in addition to nucleic 

35 acids encoding proteins , they may be nucleic acids encoding no proteins , 
such as an antisense or ribozyme . In addition, when genes encoding 
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' . antigens of bacteria or viruses involved in infectious diseases are 
used as foreign genes, immunity can be induced in ■ animals by 
administering these genes to the animals. That is, these genes can 
be used as vaccinas. ' * 

5 . When using as vaccines, viral vectors of the present invention 

.may be applicable for, for example, cancer?, infectious diseases and 
other general disorders. For example, as cancer a treatment, it is 
-• ti possible to express genes with therapeutic effects on tumor cells 

or antigen presenting cells (APQ) such as DC cells by using the vectors 

10 of the invention. Examples of such genes are those encoding the tumor 
antigen Muc-1 or Muc-1 like mutin tandem repeat peptide (US Patent 
No. 5,744,144), melanoma gplOO antigen,, , etc . Such treatments with 
genes have been widely applied to cancers in the mammary gland, colon, 
pancreas, prostate, lung, etc. Combination with cytokines to enhance 

15 adjuvant effects is also effective in gene therapy. Examples of such 
genes are i) single-chain IL-12 in combination with IL-2 (Prop. Natl. 

Acad. Sci. USA 96 (15): 859JL-8596, ii), interferon-y in combination 
with IL-2 (US Patent No. 5,798,100), iii) granulocyte 
colony-stimulating factor (GM-CSF) used alpne, and iv) GM-CSF aiming 

20 at the treatment of brain tumor in combination with IL-4 (J. 
Neurosurgery, 90 (6), 1115-1124' (1999)), etc. 

Examples of genes used for the treatment of infectious diseases 
are those encoding the envelope protein of the virulent strain H5N1 
type of influenza virus, the envelope chimera protein of Japanese 

25 encephalitis virus (Vaccine, vol. 17, No., 15-16, 1869-1882 (1999)) , 
the HIV gag or S IV gag protein of AIDS virus (J. Immunology (2000) , 
vol. 164, 4968-4978), the HIV envelope protein, which is incorporated 
as a oral vaccine encapsulated in polylactate- glycol . copolymer 
microparticles for administration (Kaneko, H. et al . , Virology 267, 

30 8-16 (2000)), the B subunit (CTB) of cholera toxin (Arakawa, T. et 
al., Nature Biotechnology (1998) 16 (10): 934-8; Arakawa, T. et al., 
Nature Biotechnology (1998) 16 (3): 292-297), the glycoprotein of 
rabies virus (Lodmell, D. L .. et al . , 1998, Nature Medicine 4 (8): 
949-52) , and the capsid protein LI of human papilloma virus 6 causing 

35 cervical cancer (J. Med. Virol., 60, 200-204 (2000). 

Gene therapy may also be applied to general disorders. For 
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examples in the case of diabetes, the expression of insulin peptide 
fragment, by inoculation of plasmid DNA encoding the peptide has been 
performed in type I diabetes model animals (Coon, B. et al . , J. Clin. 
Invest., 1999, .104 (2):' 189-94). 
5 ' ... 

Brief Description of . the Drawings 

Figure 1, is a photograph showing an analytical result of the 
expression of F protein via a Cre-loxP- inducible expression system, 
by Western blotting. It shows the result .of detecting proteins on 
10. a transfer membrane cross-reacting to the anti-SeV-F antibody by 
chemi luminescence method. 1 , 

Figure 2 indicates a diagram showing an analytical result of 
cell-surface display of F protein the expression of which was induced 
by the Cre-loxP system. It shows results of flow cytometry, analysis 
15 for LLC-MK2/F7 . with the anti-SeV-F antibody. 

Figure 3 indicates a 'photograph showing the result confirming 
cleavage of the expressed F protein by trypsin using Western blotting . 

Figure. 4 indicates photographs showing the result confirming 
cell-surface expression of HN in an experiment of cell-surface 
20 adsorption onto erythrocytes. 

Figure 5 indicates photographs showing the result obtained by 
an attempt to harvest the deficient viruses by using cells expressing 
the deficient protein. It was revealed that the expression of F protein 
by the helper cell line was stopped rapidly by the vaccinia viruses 
25 used in the reconstitut ion of F-deficient SeV. 

1. LLC-MK2 and CV-1 represent cell lysates from the respective cell 
types alone. 

2. LLC-MK2/F+ad and CV-l/F+ad represent cell lysates from the 
respective cells which have been subjected to the induction of 

30 expression and to which adenovirus AxCANCre has been added. 

3. LLC - MK2 / F - ad and CV-l/F-ad represent cell lysates from the 
respective cell lines in which the F gene but no adenovirus AxCANCre 
has been introduced. 

4. LLC-MK2 /F+ad 3rd represents a cell lysate from cells in which the 
35 expression was induced by adenovirus AxCANCre and which were then 

further passaged 3 times. 



5. Id and 3d respectively indicate one day and three days after the 
induction of expression. , • 

6.. Vacld and Vac3d respectively indicate cells one day and three days 
after the infectidn of vaccinia virus. . • ♦ 

5 ■ 7. AraCld and AraC3d respectively indicate cells one day and three 
.days after the addition of AraC. i 

8. CHX Id and CHX 3d respectively indicate cells one day &Ad three 
days after the addition .of protein synthesis inhibitor cycloheximide! . 

Figure 6 indicates photographs showing the result that was 

10 obtained by observing GFP expression after GFP-comprising F-def icient 
SeV cDNA (pSeV18 + /AF-GFP) was transfected into LLC-MK2 cells in which 
F was not expressed (detection of RNP) ... In a control group, the F 
gene was shuffled with the NP gene at the 3 ' end, and then, SeV cDNA 
(F-shuf fled SeV) , in which GFP had been introduced into the F-def icient 

15 site, was used. The mark "all"' indicates cells transfected with 
plasmids directing the expression of the NP gene, P gene, and L gene 
(pGEM/NP, pGEM/P., and pGEM/L t ) together with SeV cDNA at the same time ; 
"cDNA" indicates cells transfected with cDNA (pSeV18 + /AF-GFP) alone. 
For RNP transf ection, P0 cells expressing GFP were collected; the 

20 cells (10 7 cells/ml) were suspended in OptiMEM (GIBCO BRL) ; 100 jil 
of lysate prepared after treating three times with freeze-thaw cycles 
was mixed with 25 Jul of cationic liposome DOSPER (Boehringer Mannheim) 
and allowed to stand still at room temperature for 15 minutes; and 
the mixture was added to cells (+ad) in which the expression of F 

25 had been induced to achieve the RNP transf ection . Cells expressing 
Cre DNA recombinase, in which no recombinant adenovirus had been 
introduced, were used as a control group of cells (-ad) . The result 
showed that GFP was expressed depending on the RNP formation of SeV 
in P0 in LLC-MK2 cells; and the F-def icient virus was amplified 

30 depending on the induction of expression of F in PI . 

Figure 7 indicates photographs showing the result that was 
obtained by studying whether functional RNP reconstituted with 
F-def icient genomic cDNA could be rescued by F-expressing helper cells 
and form the infective virions of the deficient virus. RNP/o 

35 represents cells overlaid with RNP; RNP/ t represents cells that was 
transfected with RNP. 
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Figure, 8 indicates photographs showing the evidence for the 
F-expressing cell-specific growth of the F-deficient virus. The 
lysate comprising functional RNP constructed from the genome lacking 
the gene was lipofected to the F-expressing cells as described in 
5 Example 2; and .the culture sppeirnatant , was then recovered. This 
culture supernatant was added to the medium -of the F-expressing cells 
to achieve the. infection; on the third day, thd culture supernatant 
was recovered and concurrently added to both F-expressing cells and, 
cells that hlad riot expressed F; and then' the cells were cultured in 

10 the presence or .absence of trypsin for three days . The result is shown 
here. The viruses were amplified only in. the presence of trypsin in 
the F-expressing cells. 

Figure 9 indicates photographs showing evidence for specific 
release of the F-deficient viruses to the; culture supernatant after 

15 the introduction into F-expressing cells. The lysate comprising 
functional RNP constructed from the genome lacking the gene was 
lipofected to the F-expressing cells as described in Example 2 and 
then the culture supernatant was recovered. . This culture supernatant 
was added to the medium of the F-expressing cells to achieve the 

20 infection; on the third day, the culture supernatant was recovered 
and concurrently added to both F-expressing cells and cells that did 
not express F; and then thie cells were cultured in the presence or 
absence of trypsin for three days. The bottom panel shows the result 
with supernatant of the cells that did not express F. 

25 Figure 10 indicates photographs showing the result obtained by 

recovering viruses from the culture supernatant of the F-expressing 
cells, extracting the total RNA and performing Northern blot analysis 
using F and HN as probes to verify the genomic structure of virion 
recovered from the F-deficient cDNA . In the viruses recovered from 

30 the F-expressing cells, the HN gene was detected but the F gene was 
not detectable; and thus it was clarified that the F gene was not 
present in the viral genome. 

Figure 11 indicates photographs showing the result of RT-PCR, 
which demonstrates that the GFP gene is present in the locus where 

35 F had been deleted, as in the construct of the cDNA. 1: +18-NP, for 
the confirmation of the presence of +18 Not I site. 2: M-GFP, for the 
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confirmation of the presence of the GFP gene in the F gene-deficient 
region. 3 : F gene, for the confirmation of the presence of the F gene. 
The genomic structures of wild type SeV and F --deficient GFP-expressing 
SeV are shown in the top panel. It was" verified that the GFP gene 
was present in the F-deficient locus , + 18-derived NotI site was present 
.at the 3' end of NP and the F gene was absent in any part of the RNA 
genome. \ 

Figure 12 indicates photographs that were obtained by the 
immuno- electron microscopic examination with gold colloid-bound IgG 
(anti-F, anti-HN) specifically reacting 1 to F or HN of the virus. It 
was clarified that the spike-like structure of the virus envelope 
comprised F and HN proteins. 

Figure 13 indicates diagrams showing the result of RT-PCR, which 
demonstrates that the structures of genes except the GFP gene were 
the same as those from the wild' type. - 

Figure 14 indicates photographs showing the result obtained by 
examining the F-deficient ,virus particle morphology by electron 
microscopy. Like the wild-type virus particles, the F-deficient virus 
particles had helical RNP structure and spike-like structure inside. 

Figure 15 indicates photographs showing the result of in vitro 
gene transfer to a variety of ceils using an F-deficient SeV vector 
with a high efficiency. 

Figure 16 indicates diagrams showing the analytical result 
obtained after the introduction of the F-deficient SeV vector into 
primary bone marrow cells from mouse (BM c-kit+/-). Open bars 
represent PE-posit ive/GFP-negative ; closed bars represent 
PE-positive/GFP-positive . 

Figure 17 indicates photographs showing the result of in vivo 
administration of the vector into the rat cerebral ventricle. 

Figure 18 indicates photographs showing the result obtained by 
using the culture supernatant comprising F-deficient SeV viruses 
recovered from the F-expressing cells to infect LLC-MK2 cells that 
do not express F, culturing the cells in the presence or absence of 
trypsin for three days to confirm the presence of viruses in the 
supernatant by HA assay. 

Figure 19 is a photograph showing the result obtained by 



' 25 

I 

I. I 1 I 1 ♦ ' 

conducting HA assay of chorioallantoic fluids after a 2-day incubation 
of embryonated chicken egg which had been inoculated with 
chorioallantoic .fluid (lanes 11 and 12) from HA- positive embryonated 
eggs in Figure 18B.. 
5 Figure 2 0 indicates photographs showing the result obtained by 

examining the virus liquid, which is HA-positive and has no infectivity, 
by immuno- electron microscopy. The presence of the virus particles 
was verified and it was found that the virion envelope was reactive, • 
to antibody 'recdgni zing HIST protein labeled with gold colloid, but 

10. not reactive to antibody recognizing F protein labeled, with gold 
colloid. ' '.; 

Figure 21 indicates photographs showing the result of 
transf ecltion of F-deficient virus particles into cells. 

Figure 22 indicates photographs showing the result of. creation 

15 of cells, co -expressing F arid HN, which were evaluated by Western 
blotting. ' LLC/ VacT7 / pGEM/ FHN represents cells obtained by 
transfecting vaccinia-infected LLC-MK2 cells with pGEM/FHN plasmid; 
LLC/VacT7 'represents vaccinia- infected LLC-MK2 cells . LLCMK2 / FHNmix 
represents LLC-MK2 cells in which the F and HN genes were introduced 

20 but not cloned. LLC /FHN represents LLC-MK2 cells in which the F and 
HN genes were introduced and the expression was induced by adenovirus 
(after 3 datys) ; 1-13, 2-6, 2-16, 3-3, 3-18, 3-22, 4-3 and 5-9 are 
cell- line numbers (names) in the cloning. 

Figure 23 indicates photographs showing the result for the 

25 confirmation of virus generation depending on the presence or absence 
pGEM/FHN. FHN-def icient GFP-expressing SeV cDNA, pGEM/NP, pGEM/P, 
pGEM/L, and pGEM/FHN were mixed and introduced into LLC-MK2 cells. 
3 hours after the gene transfer, the medium was changed. with MEM 
containing AraC and trypsin and then the cells were further cultured 

30 for three days . 2 days after the gene transfer, observation was carried 
out with a stereoscopic fluorescence microscope to evaluate the 
difference depending on the presence or absence of pGEM/FHN, and the 
virus generation was verified based on the spread of GFP-expressing 
cells. The result is shown here. When pGEM/FHN was added at the time 

35 of reconstitution, the spread of GFP-expressing cells was recognized; 
but when no pGEM/FHN was added, the GFP expression was observable 
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merely in a single cell. 

Figure 24 indicates photographs showing the* result of 
reconstitution by RNP transf ection and growth of FHN-def icient-viruses . 
On the third day af tkr the induction of expression, cells co- expressing 

5 ■ FHN (12 wells) were lipofected by using PO RNP overlay or DOSPER, 
.and then GFP was observed after 4 days; When RNP transf ection was 
conducted, the harvest of viruses was successful for PI FHN- expressing 
cells as was for the .F-def icient ones (top). The growth of the 
FHN-def icient viruses was verified after inoculating a liquid 

10 comprising the viruses to cells in which the expression of FHN protein 
was induced 6 hours or more after the infection with Ade/Cre (bottom 
panel) . 

Figure 25 indicates photographs bhowing . the result obtained 
after inoculating the liquid comprising viruses reconstituted from 

15 FHN-def icient GFP-expressing cDNA to LLO-MK2, LLC-MK2/F, LLC-MK2/HN, 
and LLC - MK2 / FHN and culturing them in the presence or absence of the 
trypsin. The spread of cell,s expressing GFP protein was verified 3 
days after the culture. The result is shown here. The expansion of 
GFP was observed only with LLC-MK2/FHN, and thus it was verified that 

20 the virus contained in the liquid was grown in a manner specific to 
FHN co-expression and dependent' on trypsin. 

Figure 2 6 is a photograph showing the result where the 
confirmation was carried out for the genomic structure of RNA derived 
from supernatant of the FHN-expressing cells. 

25 Figure 2 7 is a photograph showing the result where the 

confirmation was carried out for the genomic structure of RNA derived 
from supernatant, of the F-expressing cells infected with the FHN 
deficient viruses. 

Figure 28 is a diagram showing inactivation of vaccinia virus 

30 and T7 activity when psoralen concentration was varied in psoralen/UV 
irradiation. 

Figure 2 9 is a diagram showing inactivation of vaccinia virus 
and T7 RNA polymerase activity when the duration of UV irradiation 
was varied in psoralen/UV irradiation. 
35 Figure 3 0 indicates photographs showing a cytotoxicity (CPE) 

of vaccinia virus after psoralen/UV irradiation. 3x 10 5 LLC-MK2 cells 
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were plated pri a 6 -well plate. After culturing overnight, the cells 

were infected with vaccinia virus at moi=2 . After 24 hours, CPE was 

i 

determined. The t result of CPE with mock- treatment of vaccinia virus 
is shown in A; CPE after the treatment with vaccinia virus for 15, 
5 20, or 30 minutes are shown in B, C, and D,' respectively. 

Figure', 31 is a diagram indicating the influence of duration of 
UV treatment of vaccinia virus on the reconstitution efficiency of 
Sendai virus. • ■ ( 

Figure! 32 is a diagram indicating the titer of vaccinia virus 
10 capable of replicating that remained in. the cells ,after the 
reconstitution experiment of Sendai. virus . 

Figure 33 is a photograph showing a result of Western blot 
analysis using ant i-VSV-G antibody. 

Figure 34 indicates a diagram showing results of flow' cytometry 
15 analysis using ant i-VSV-G antibody, it shows the result of analysis 
of LLC-MK2 cell line (LI) for the induction of VSV-G expression on 
the fourth day after AxCANCre infection (moi = 0, 2.5, 5). Primary 
antibody used was anti -VSV-G antibody (MoAb 1-1) ; secondary antibody 
was FITC- labeled anti -mouse Ig. 
20 Figure 3 5 indicates photographs showing a result where 

supernatants were recovered after the infection with altered amounts 
of AxCANCr6 (MOI = 0, 1.25, 2.5, 5, 10) and a constant amount of 
pseudo-type Sendai virus having a F gene-deficient genome, and further 
the supernatants were used to infect cells before VSV-G induction 
25 (-) and after induction ( + ) , and cells expressing GFP were observed 
after 5 days. 

Figure 3 6 indicates photographs showing the result obtained for 
the time course of virus production amount. 

Figure 37 indicates photographs showing the result obtained by 
30 examining whether the infectivity is influenced by the treatment of 
pseudo-type Sendai virus having the F gene-deficient genome, which 
was established with the VSV-G-expressing cell line , and FHN-def icient 
Sendai virus treated with anti-VSV antibody. 

Figure 3 8 indicates photographs showing the result where the 
35 expression of the GFP gene was tested as an index to determine the 
presence of production of the pseudo-type virus having VSV-G in its 
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capsid after the infection of VSV-G gene-expressing cells LLCG-L1 
with F and HN-deficient Sendai virus comprising the GFP gene. 

Figure 3 9 indicates photographs showing the result confirming 
that viruses grown 'in the VSV-G gene-expressing cells were defioient 
5 - in F and HN genes by Western analysis of protein in the extract of 
.infected cells. • i 

Figure 4 0 indicates photographs showing the result 'for the 
observation of GFP-expressing cells under a fluorescence microscope. 

Figure 41 is a diagram showing the improvement in efficiency 
10 for the reconstitution of SeV/AF-GFP by the combined used of the 
envelope -expressing plasmid.. and cell overlay. Considerable 
improvement was recognized at d3 to d4 (day 3 to day 4) of P0 (prior 
to passaging) . 1 

Figure 42 is a diagram showing the result where treatment 
15 conditions were evaluated for the reconstitution of SeV/AF-GFP by 
• the combined used of the envelope-expressing plasmid and cell overlay. 
GFP-positive cells represent the amount of virus reconstituted. 

Figure 43 is a diagram showing the result where the rescue of 
F-deficient Sendai viruses from cDNA was tested. It shows the 
20 improvement in efficiency for the reconstitution of SeV/AF-GFP by 
the combined used of the envelope-expressing plasmid and cell overlay. 
' All the tests were positive on the seventh day . However, the efficiency 
was evaluated on the third day where the probability of success was 
midrange . * 
25 Figure 44 indicates photographs showing the result of lacZ 

expression by LacZ -comprising F-deficient Sendai virus vector 
comprising no GFP. 

Figure 4 5 indicates diagrams showing subcloning of Sendai virus 
genomic cDNA fragment (A) and structures of 5 Sendai virus genomic 
30 cDNAs constructed with newly introduced NotI site (B) . 

Figure 46 is a diagram showing structures of plasmids to be used 
for cloning to add NotI site, transcription initiation signal, 
intervening sequence, and transcript ion termination signal intoSEAP. 
Figure 4 7 indicates photographs showing the result of plaque 
35 assay of each Sendai virus vector . It shows partial fluorescence image 
in the plaque assay obtained by LAS1000. 
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Figure, 4 8 'rs a diagram' showing the result where altered 
expression levels of reporter gene (SEAP) were compared with one 
another among * f the respective Sendai virus vectors. The data of 
SeV18+/SEAP was taken as 100 and the respective values were indicated 
5 relative to it. .It was found that t;he activity , namely the expression 
level, was decreased, as the SEAP gene was placed more downstream. 

Figure .4 9 indicates microscopic phot6graphs showing the 
expression of GFP in. PI cells co-expressing FHN. . , 

Figure 50 indicates^ photographs showing the result of Western 
10. blot analysis , of the extracts from cells infected vyith VSV-G 
pseudo-type SeV/AF:GFP using ant'iVF antibody (anti-F) , anti-HN 
antibody (anti-HN) , and anti-Sendai virus antibody (anti-SeV) . 

Figure 51 indicates photographs showing GFP fluorescence from 
F- and HN-def icient cells infected with VSV-G pseudo-type'SeV in the 
15 presence or absence of a neutralizing antibody (VGV antibody) . 

Figure 52 indicates 1 photographs showing results of Western 
analysis for VSV-G pseudo-type Sendai viruses having F gene-deficient 
or F gene x and HN gene-deficient genome, which were fractionated by 
density gradient ultracentrifugation. 
20 Figure 53 indicates photographs showing hemagglutination, test 

mediated with Sendai viruses having F gene-deficient genome, or VSV-G 
pseudo-typ£ Sendai viruses having F gene-def icient or F gene- and 
HN gene-def icient genome. • • 

Figure 54 indicates diagrams showing the specificity of 
25 infection to culture cells of Sendai virus having F gene-deficient 
genome or VSV-G pseudo-type Sendai virus. 

Figure 55 indicates photographs showing the confirmation of the 
structures of NGF-expressing F-def icient Sendai virus (NGF/SeV/AF) . 

Figure 56 is a diagram showing the activity of NGF expressed 
30 by the NGF -comprising cells infected with F-def icient SeV. With the 
initiation of culture, diluted supernatant of SeV- infected cells or 
NGF protein (control) was added to a dissociated culture of primary 
chicken dorsal root ganglion (DRG) neurons. After three days, the 
viable cells were counted by using mitochondrial reduction activity 
35 as an index (n=3) . The quantity of culture supernatant added 
corresponded to 1000-fold dilution. 



Figure, 57 indicates photographs showing the activity of NGF 
expressed by the NGF -comprising cells infected with F-def icient SeV. 
With the initiation of culture, diluted supernatant of SeV- infected 
cells or NGF protein (control) was. added. to a dissociated culture 
5 of . primary chicken dorsal root ganglion ,(DRG) neurons. After three 
days, the. samples were observed under a microscope, 

A) control (without NGF) ; 1 

B) addition of NGF. protein (10 ng/mL) ; , , 

C) additi6n of culture supernatant (100-fold diluted) of NGF/ SeV 
10. infected cells; ' 

D) addition of culture supernatant (100-fold diluted) of NGF/ SeV 
infected cells; 

E) addition of culture supernatant (100 -fold diluted) df NGF/ SeV/AF 
infected cells, and; * ' . ' 

15 F) addition, of culture supernatant (100-fold diluted) of 

NGF/SeV/AF-GFP infected' cells. 

Figure 58 is a photograph showing moi of Ad-Cre and the expression 
level of F protein. 

Figure 5 9 indicates photographs showing the expression of 
20 LLC-MK2/F by Adeno-Cre. 

Figure 60 is a photograph showing the durability of expression 
over the passages. - ( 

Figure 61 indicates photographs showing the localization of F 
protein over the passages. 
25 Figure 62 is a diagram showing the correlation between GFP-CIU 

and anti-SeV-CIU. 

Best Mode for Carrying out the Invention 

The present invention is illustrated in detail below with 
30 reference to Examples, but is not to be construed as being limited 
thereto. 

[Example 1] Construction of F-deficient Sendai virus 

<1> Construction of F-deficient SeV genomic cDNA and F-expressing 

plasmid 

35 The full-length genomic cDNA of Sendai virus (SeV) , pSeV18 + b( + ) 

(Hasan, M. K. et al . , 1997, J. General Virology 78 : 2813-2820) ("pSeV18 + 
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b( + )" is»alsp referred to as u pSeV18 + ") was digested with Sphl/Kpnl, 
and the resulting fragment (14 6 73 bp) was recovered and cloned into 
pUC18, which was named plasmid pUC18/KS. The F-disrupted site was 
constructed on this. pUC18/KS . The F gene, disruption was performed 
5 by the combined use of PCR-ligatiqn method, and as a result, the ORF 
for the F gene (ATG-TGA=1698 bp) was removed.; thus atgcatgccggcagatga 
(SEQ ID NO: 1). was ligated to it to ' construct' the F-deficient SeV 
genomic cDNA (pSeV18 + /AF) . In PCR, a PCR product generated by using, 
a primer pait (fdrward: 5 ? -gttgagtactgcaagagc/SEQ ID NO: 2, reverse: 

10 5 ' ^tttgccggcatgcatgtttcccaaggggagagttttgcaacc/SEQ ID Np: 3) was 
ligated upstream of F and another PCR product generated by using a 
primer pair (forward: 5 » -atgcatgccggcagatga/SEQ ID NO: 4, reverse: 
5 1 -tgggtgaatgagagaatcagc/SEQ ID NO: 5) was ligated downstream of the 
F gene at EcoT22I site. The resulting plasmid was digested with SacI 

15 and Sail,, and then the fragment (4931 bp) spanning the region comprising 
the site where F is disrupted was recovered and cloned into pUC18 
to generate pUC18/dFSS. This pUC18/dFSS was digested with Drain. 
The resulting fragment was recovered and substituted with a Drain 
fragment from the region comprising the F gene of pSeV18 + ; and the 

20 ligation was carried out to generate plasmid pSeV18 + /AF. 

Further, in order to construct a cDNA (pSeV18 + /AF-GFP) in which 
the EGFP gehe has been introduced at the site where F was disrupted, 
the EGFP gene was amplified by PCR . To set the EGFP gene with a multiple 
of 6 (Hausmann, S. et al . , RNA 2 , 1033-1045 (1996)), PCR was carried 

25 out with an Nsil-tailed primer (5 ' -atgcatatggtgatgcggttttggcagtacD 
SEQ ID NO: 6) for the 5' end and an NgoMIV-tailed primer 
(5 1 -TgccggctattattacttgtacagctcgtcDSEQ ID NO: 7) for the 3 ' end. The 
PCR products were digested with restriction enzymes Nsil and NgoMIV, 
and then the fragment was recovered from the gel; the fragment was 

30 ligated at the site of pUC18/dFSS between Nsil and NgoMIV restriction 
enzyme sites where the disrupted F is located and the sequence was 
determined. A Drain fragment comprising the EGFP gene was removed 
and recovered from the site, and substituted for a Drain fragment 
in the region comprising the Fgene of pSeV18 + ; then ligation was carried 

35 out to obtain plasmid pSeV18 + /AF-GFP . 

On the other hand, Cre/loxP- inducible expression plasmid for 



F gene expression was constructed by amplifying the SeV F gene by 
PCR,' confirming the sequence, and inserting into the unique site Swal 
of plasmid pCALNdlw (Arai et al . , J. Virology 72, 1998, plll5-1121), 
in which the expression of gene products has been designed to be induced 
by Cre DNA recombinase, to obtain plasmid pCALNdLw/F . 
.<2> Preparation of helper cells inducing, the expression of SeV-F 
protein ' ' 1 

To recover infectious virus particles from F-def icient genome, 
a helper cell strain expressing SeV-F protein was established. The 
cell utilized was LLC-MK2 cell that is commonly used for the growth 
of SeV and is a cell strain derived from monkey kidney. The LLC-MK2 
cells were cultured in MEM containing 10% heat-treated inactivated 
fetal bovine serum (FBS) , sodium penicillin G (50 units/ml) , and 
streptomycin (50 |ig/ml) at 37°C under 5% C0 2 gas. Because SeV-F gene 
product is cytotoxic, the above-mentioned plasmid pCALNdLw/F designed 
to induce the expression of ,F gene product through Cre DNA recombinase 
was introduced into LLC-MJC2 cells by calcium phosphate method 
(mammalian transfection kit (Stratagene) ) according to the gene 
transfer protocol. 

10 jig of plasmid pCALNdLw/F was introduced into LLC-MK2 cells 
grown to be 40% confluent in a 10-cm plate, and the cells were cultured 
in 10 ml of MEM containing 10% FBS at 37°C under 5% C0 2 for 24 hours 
in an incubator. After 24 hours, the cells were scraped off, and 
suspended in 10 ml medium; then the cells were plated on 5 dishes 
with 10-cm diameter (one plate with 5 ml; 2 plates with 2 ml; 2 plates 
with 0.2 ml) in MEM containing 10 ml of 10% FBS and 1200 ^lg/ml G418 
(GIBCO-BRL) for the cultivation. The culture was continued for 14 
days while the medium was changed at 2 -day intervals, to select cell 
lines in which the gene has been introduced stably. 30 cell strains 
were recovered as G418-resistant cells grown in the medium by using 
cloning rings . Each clone was cultured to be confluent in 10 -cm plates . 

After the infection of each clone with recombinant adenovirus 
AxCANCre expressing Cre DNA recombinase, the cells were tested for 
the expression of SeV-F protein by Western blotting using anti-SeV-F 
protein monoclonal IgG (f236; J. Biochem. 123: 1064-1072) as follows. 

After grown to be confluent in a 6 -cm dish, each clone was infected 



with adenovirus AxCANCre at moi = 3 according to the method of Saito 
et al. ( (Saito et al . , Nucl . Acids Res. 23: 3816-3821 (1995); Arai, 
T . et al., J Virol 72, 1115-1121 (1998)). After the infection, the 
cells were cultured for 3 days . The culture supernatant was discarded 
5 ■ and the cells were washed twice with PBS buffer, scraped off with 
,a scraper and were collected by centrifug^t ion at 1500x g'for five 
minutes . ' , ' ' 

The cells are kept at -80°C and can be thawed when used. The 
cells collected were suspended .in 150 jii PBS buffer, and then equal 
10 amount of 2x Tris-SDS-BME sample loading buffer (0.62 5 M Tris, pH 
6.8, 5% SDS, 25% 2-ME, 50% glycerol, 0 . 025% BPB; Owl) was added thereto. 
The mixture was heat-treated at 98°C for. 3 minutes arid then used as 
a sample for electrophoresis. The sample (lx 10 s cells/lane) was 

fractionated by electrophoresis in an SDS-polyacrylamide gel (Multi 

■t 

15 Gel 10/20, Daiichi Pure Chemicals) . The fractionated proteins were 
transferred onto a PVDF transfer membrane (Immobilon-P transfer 
membranes; Millipore) by sem^- dry blotting . The transfer was carried 
out under a constant current of 1 mA/cm 2 for 1 hour onto the, transfer 
membrane that had been soaked in 10 0% methanol for 3 0 seconds and 

20 then in water for 3 0 minutes. • 

The transfer membrane was shaken in a blocking solution 
containing 0.05% Tween20 and 1% BSA (BlockAce; Snow Brand Milk 
Products) for one hour, and then it was incubated at room temperature 
for 2 hours with an anti-SeV-F antibody (f236) which had been diluted 

25 1000-folds with a blocking solution containing 0.05% Tween 20 and 
1% BSA. The transfer membrane was washed 3 times in 20 ml of PBS- 0.1% 
Tween20 while being shaken for 5 minutes and then it was washed in 
PBS buffer while being shaken for 5 minutes. The transfer membrane 
was incubated at room temperature for one hour in 10 ml of 

30 peroxidase -conjugated anti-mouse IgG antibody (Goat anti-mouse IgG; 
Zymed) diluted 2000-fold with the blocking solution containing 0.05% 
Tween 20 and 1% BSA. The transfer membrane was washed 3 times with 
2 0 ml of PBS -0.1% Tween20 while being shaken for 5 minutes, and then 
it was washed in PBS buffer while being shaken for 5 minutes. 

35 Detections were carried out for proteins cross-reacting to the 

anti-SeV-F antibody on the transfer membrane by chemi luminescence 
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method OECL .western blotting detection reagents; Amersham) . The 
result is shown in Figure 1 . The SeV-F expression specific to AxCANCre 
infection was detected to confirm the generation of LLC-MK2 cells 
that induce expression of a SeV-F gene product. 
5 One of the several resulting cell lines, LLC-MK2/F7 cell, was 

analyzed by flow cytometry with an anti-SeV-F antibody (Figure 2) . 
Specifically, lx 10 5 cells were precipitated by centrif ugation at 
15,000 rpm at 4°C for 5 minutes, washed with 200 |ll PBS, and allowed, 
to react in PBS f o'r FACS (NIKKEN CHEMICALS) containing 10 0 - fold diluted 

10 anti-F monoclonal antibody (f236) , 0.05% sodium azide, 2% ( FCS at 4°C 
for 1 hour in a dark place . The cells' were again precipitated at 15 , 000 
rpm at 4°C for 5 minutes, washed with 200 |il PBS, and then allowed 
to react to FITC- labeled ant i -mouse IgG (CAPPED of 1 |Lig/ml on ice 
for 30 minutes. Then the cells were again washed with 200 jil PBS, 

15 and then precipitated by centrif ugation at 15,000 rpm at 4°C for 5 
minutes. The cells were suspended in 1 ml of PBS for FACS and then 
analyzed by using EPICS ELITE (Coulter) argon laser at an excitation 
wavelength of 4 88 nm and at a fluorescence wavelength of 52 5 nm. The 
result showed that LLC-MK2/F7 exhibited a high reactivity to the 

20 antibody in a manner specific to the induction of SeV-F gene expression, 
and thus it was verified that SeV-F protein was expressed on the cell 
surface. ' 

[Example 2] Confirmation of function of SeV-F protein expressed by 
25 helper cells 

It was tested whether or not SeV-F protein, of which expression 
was induced by helper cells, retained the original protein function. 

After plating on a 6 -cm dish and grown to be confluent , LLC-MK2/F7 
cells were infected with adenovirus AxCANCre at moi=3 according to 
30 the method of Saito et al . (described above) . Then, the cells were 
cultured in MEM (serum free) containing trypsin (7.5|xg/ml; GIBCOBRL) 
at 37°C under 5% C0 2 in an incubator for three days. 

The culture supernatant was discarded and the cells were washed 
twice with PBS buffer, scraped off with a scraper and were collected 
35 by centrif ugation at 1500x g for five minutes. The cleavage of 
expressed F protein by trypsin was verified by Western blotting as 
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described ab.ove (Figure 3) . SeV-.F protein is synthesized as FO that 
is a non-active protein precursor , and then the precursor is activated 
after digested into two subunits Fl and F2 by proteolysis with trypsin. 
LLC-MK2/F7 cells after the induction of F protein expression thus, 
5 like ordinary ce.lls, continues, to express.F protein, even after being 
passaged, and no cytotoxicity mediated by the expressed F protein 
was observed as well as no cell fusion of F protein-expressing cells 
was observed. However, when SeV-HN expression plasmid (pCAG/SeV-HN) , 
was transf ected into the F-expressing cells and the cells were cultured 

10 in. MEM containing trypsin for 3 days, cell fusion were frequently 
observed. The expression of HN on the cell surface was confirmed in 
an experiment using erythrocyte adsorption onto the cell surface 
(HematoAdsorption assay; Had assay) (Figure 4) . Specifically, 1% 
chicken erythrocytes were added to the culture cells at a concentration 

15 of 1 ml/dish and the mixture was allowed to stand still at 4°C for 
10 minutes. The cells were washed 3 times with PBS buffer, and then 
colonies of erythrocytes on the cell surface were observed. Cell 
fusion was recognized for cells on which erythrocytes aggregated; 
cell fusion was found to be induced through the interaction of F protein 

20 with HN; and thus it was demonstrated that F protein, the expression 
of which was sustained in LLC-MK2/F7, retained the original function 
thereof . ■ . ' 

[Example 3] Functional RNP having F-deficient genome and formation 
25 of virions 

To recover virions from the deficient viruses, it is necessary 
to use cells expressing the deficient protein. Thus, the recovery 
of the deficient viruses was attempted with cells expressing the 
deficient protein, but it was revealed that the expression of F protein 

30 by the helper cell line stopped rapidly due to the vaccinia viruses 
used in the reconstitution of F-deficient SeV (Figure 5) and thus 
the virus reconstitution based on the direct supply of F protein from 
the helper cell line failed. It has been reported that replication 
capability of vaccinia virus is inactivated, but the activity of T7 

35 expression is not impaired by the treatment of vaccinia virus with 
ultraviolet light of long wavelengths (long-wave UV) in the presence 
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of added psoralen (PLWUV treatment ) (Tsungetal., J Virol 70, 165-171, 
1996) . Thus, virus reconst itut ion was .attempted by using 
PLWUV-treated vaccinia virus ( PLWUV-VacT7 ) . UV Stratalinker 2400 
(Catalog NO. 400676 (100V) ; Stratagene, La Jolla, CA, USA) equipped 
5 • with five 15-Watt bulbs were used for ultraviolet light irradiation. 
.The result showed that the expression of F protein was inhibited from 
the F-expressing cells used in the reconst itut ion, but vaccinia was 
hardly. grown in the presence of araC after lysate from the cells 
reconstituted with this PLWUV-VacT7 was infected to the helper cells, 

10 and it was also found that the expression of F protein by the helper 
cell line was hardly influenced. Further, this reconstitution of wild 
type SeV using this PLWUV-VacT7 enables the recovery of viruses from 
even 10 3 cells, whereas by previous methods, this was not possible 
unless 10 5 or more cells were there, and' thus the efficiency of virus 

15 reconst itution was greatly improved.* Thus, reconst itut ion of 
F-deficient SeV virus was , attempted by using this method. 
<Reconst itution and amplification of F-deficient SeV virus> 

The expression of GFP was observed after transfecting LLC-MK2 
cells with the above-mentioned pSeV18 + /AFrGFP in which the enhanced 

20 green fluorescent protein (EGFP) gene had been introduced as a reporter 
into the site where F had been disrupted according to the 6n rule 
in the manner as described below. It was also tested for the influence 
of the presence of virus-derived genes NP, P, and L that are three 
components required for the formation of RNP. 

25 LLC-MK2 cells were plated on a 100-mm Petri-dish at a 

concentration of 5x 10 6 cells/dish and were cultured for 24 hours. 
After the culture was completed, the cells were treated with psoralen 
and ultraviolet light of long wavelengths (365 nm) for 20 minutes, 
and the cells were infected with recombinant vaccinia virus expressing 

30 T7 RNA polymerase (Fuerst, T.R. et al . , Proc . Natl. Acad. Sci. USA 
83, 8122-8126 (1986)) at room temperature for one hour (moi = 2) (moi=2 
to 3 ; preferably moi = 2 ) . After the cells were washed 3 times , plasmids 
pSeV18 + /AF-GFP, pGEM/NP, pGEM/P, and pGEM/L (Kato, A. et al . , Genes 
cells 1, 569-579 (1996)) were respectively suspended in quantities 

35 of 12 |Lig, 4 (ig, 2 |ig, and 4 |ng /dish in OptiMEM (GIBCO) ; SuperFect 
trans feet ion reagent (1 jig DNA/5 |ll SuperFect; QIAGEN) was added 
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thereto,-* the.mixtures were allowed to stand still at room temperature 

for 10 minutes; then they are added to 3 ml of OptiMEM containing 
3% FBS; cells were added thereto and cultured. The same experiment 
was carried out using wild-type SeV genomic cDNA (pSeV(+)) (Kato, 
5 A. et al., Genes cells 1, 569,-579 .(1996)) as a control instead of 
pSeV18 + /AF-GPP . After culturing for 3 hours, the cells were washed 
twice with MEM containing no serum, and then cultured in MEM containing 
cytbsine P-D-arabinof uranoside (AraC, 40 [ig/ml ; Sigma) and trypsin, 
(7.5 jig/ml; felBCb) for 7 0 hours. These cells were harvested, and the 
10 pellet was suspended in OptiMEM (10 7 cells/ml) . After f reezp-and-thaw 
treatment was repeated 3 times, the cells were mixed with lipofection 

reagent DOSPER (Boehringer Mannheim) (10 6 cells/25 |Xl DOSPER) and 
allowed 'to stand still at room temperature for 15 minutes.' Then 
F-expressing LLG-MK2/F7 cell line (10^ cells /well in 12-w'ell plate) 

15 was transfected, ^nd the cells were cultured in MEM containing no 
serum (containing 40 |xg/ml AraC and 7.5 |ig/ml trypsin). 

The result showed that the expression of GFP was recognized only 
when all the three components, NP, P, and.L derived from the virus 
are present and the deficient virus RNP expressing foreign genes can 

20 be generated (Figure 6) . 

<Conf irmation of F-deficient virions> 

It vrAs tested whether the functional RNP reconstituted by 
F-deficient genomic cDNA by the method as described above could be 
rescued by the F-expressing helper cells and form infective virions 

25 of F-deficient virus . Cell lysates were mixed with cat ionic liposome; 
the lysates were prepared by freeze/thaw from cells reconstituted 
under conditions in which functional RNP is formed (condition where 
pSeV18 + /AF-GFP, pGEM/NP, pGEM/P, and pGEM/L are transfected at the 
same time) or conditions under which functional RNP is not formed 

30 (conditions in which two plasmids, pSeV18 + /AF-GFP and pGEM/NP, are 
transfected) as described above; the lysates were lipofected into 
F-expressing cells and non- expressing cells; the generation of virus 
particles was observed based on the expansion of the distribution 
of GFP-expressing cells. The result showed that the expansion of 

35 distribution of GFP-expressing cells was recognized only when the 
introduction to the F-expressing cells was carried out by using a 
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lysate .obtained under condition in which functional RNP is 
reconstituted (Figure 7) . Furthermore, even in plaque assay, the 
plaque formatidn was seen only under the same conditions. From these 
results, it was revealed that functional RNPs generated from 
5 F- deficient virus genome were furt.her converted into infective virus 
particles, m 'the presence of F protein derived from F-expressing cells 
and the particles were released from the cell's. 

The demonstration of the presence of infective F-deficient, 
virions in t*he culture supernatant was carried out by the following 

10 experiment . The lysate comprising the functional RNP constructed from 
the F gene deficient genome was lipofected to F-expressing cells as 
described in Example 2, and the culture supernatant was recovered. 
This culture supernatant was added to the medium of F-expressing cells 
to achieve the infection; on the third day, the culture stipernatant 

15 was recovered and concurrently added t:o both F-expressing cells and 
cells that did not express F; and then the cells were cultured in 
the presence or absence of trypsin for three days. In F-expressing 
cells, viruses were amplified only in the presence of trypsin (Figure 
8) . It was also revealed that non- infect ious virus particles were 

20 released into the supernatant of cells that do not express F (in the 
bottom panel of Figure 9) or from F-expressing cells cultured in the 
absence of trypsin. A summary of the descriptions above is as follows : 
the growth of F-deficient GFP - expressing viruses is specific to 
F-expressing cells and depends on the proteolysis with trypsin. The 

25 titer of infective F-deficient Sendai virus thus grown ranged from 
0.5x 10 7 to lx 10 7 ClU/ml. 

[Example 4] Analysis of F-deficient GFP-expressing virus. 

In order to confirm the genomic structure of virions recovered 

30 from F-deficient cDNA, viruses were recovered from the culture 
supernatant of the F-expressing cells, the total RNA was extracted 
and then Northern blot analysis was conducted by using F and HN as 
probes. The result showed that the HN gene was detectable, but the 
F gene was not detectable in the viruses harvested from the F-expressing 

35 cells, and it was clarified that the F gene was not present in the 
viral genome (Figure 10) . Further, by RT-PCR GFP, it was confirmed 
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that the gene was present in the deleted locus for F as shown in the 
construction of the cDNA (Figure 11) and that the structures of other 
genes were the same as those from the wild type. Based on the findings 
above, it was shown that no rearrangement of the genome had occurred 
5 • during the virus reconst itut ion . In addition, the morphology of 
.recovered F-deficient virus particles \yas examined by electron 
microscopy. Like the wild type virus, F-deficient virus particles 
had the helical RNP structure and spike-like structure inside (Figure 
14) . Further, the viruses were examined by immuno- electron microscopy 

10 with gold colloid-conjugated IgG (anti-F, anti-HN) specifically 
reacting to F or HN. The result showed that the spike-like structure 
of the envelope of the virus comprised F and HN proteins (Figure 12) , 
which demonstrated that F protein produced by the helper cells was 
efficiently incorporated into the virions. The result will be 

15 described below in detail. 1 

<Extraction of total RNA, , Northern blot analysis, and RT-PCR> 

Total RNA was extracted from culture supernatant obtained 3 days 
after the infection of F-expressing cell LLC-MK2/F7 with the viruses 
by using QIAamp Viral RNA mini kit (QIAGEN) .according to the protocol . 

20 The purified total RNA (5 |ig) was separated by electrophoresis in 
a 1% denaturing agarose gel containing formaldehyde, and then 
transferred onto a Hybond-N+ membrane in a vacuum blotting device 
(Amersham- Pharmacia) . The prepared membrane was fixed with 0.05 M 
NaOH, rinsed with 2-fold diluted SSC buffer (Nacalai tesque) , and 

25 then was subjected to pre-hybridization in a hybridization solution 
(Boehringrer Mannheim) for 3 0 minutes; a probe for the F or HN gene 
prepared by random prime DNA labeling (DIG DNA Labeling Kit ; Boehringer 
Mannheim) using digoxigenin (DIG) -dUTP (alkaline sensitive) was added 
thereto and then hybridization was performed for 16 hours. Then, the 

30 membrane was washed, and allowed to react to alkaline 
phosphatase -conjugated anti-DIG antibody (ant i -digoxigenin-AP) ; the 
analysis was carried out by using a DIG detection kit. The result 
showed that the HN gene was detectable but the F gene was not detectable 
in the viruses harvested from the F-expressing cells, and it was 

35 clarified that the F gene was not present in the viral genome (Figure 
10) . 
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Furthe.r, detailed analysis, was carried out by RT-PCR. In the 

RT-PCR, first strand cDNA was synthesized from the purified virus 

RNA by using $UPERSCRIPTI I Preamplif icat ion System (Gibco BRL) 

according to the protocol; the following PCR condition was employed 

5 with LA PCR .kit (TAKARA ver2.1),:. 94°C/3 min; 30 cycles for the 

amplification of 94°C/45 sec, 55°C/45 sec, 72°C/90 sec; incubation 

at 72°C for 10. minutes; then the sample was eldctrophoresed in a 2% 

agarose gel at. 100 □ for 30 minutes, the gel was stained with ethidium, 

bromide for & phbtographic' image . Primers used to confirm the M gene 

10 and EGFP inserted into the F-deficient site were fprward 1: 
5 1 -atcagagacctgcgacaatgc (SEQ ID, NO : 8) and ' reverse 1: 
5 ' -aagtcgtgctgcttcatgtgg (SEQ ID NO: 9) ; primers used to confirm EGFP 
inserted into the F-deficient site and the HN gene were forward 2: 
5 * -acaaccactacctgagcacccagtc (SEQ ID NO: 10) and reverse 2: 

15 5 1 -gcctaacacatccagagatcg (SEQ ID NO: 11) ; and the junction between 
the M gene and HN gen6 was confirmed by using forward 3: 
5 ' -acattcatgagtcagctcgc (SEQ ID NO: 12) and reverse 2 primer (SEQ 
ID NO: 11) : The result showed that the GFP gene was present in the 
deficient locus for F as shown in the construction of the cDNA (Figure 

20 11) and that the structures of other genes were the same as those 
from the wild type (Figure 13) . From the findings shown above, it 
is clarified that no rearrangement of the genome had resulted during 
the virus reconstitution . 

< Electron microscopic analysis with gold colloid-conjugated IgG > 
25 The morphology of recovered F-deficient virus particles was 

examined by electron microscopy . First, culture supernatant of cells 
infected with the deficient viruses was centrifuged at 28,000 rpm 
for 30 minutes to obtain a virus pellet; then the pellet was 
re-suspended in 10-fold diluted PBS at a concentration of lx 10 9 HAU/ml ; 
30 one drop of the suspension was dropped on a microgrid with a supporting 
filter and then the grid was dried at room temperature; the grid was 
treated with PBS containing 3.7% formalin for 15 minutes for fixation 
and then pre-treated with PBS solution containing 0.1% BSA for 30 
minutes; further, anti-F monoclonal antibody (f236) or anti-HN 
35 monoclonal antibody (Miura, N. et al . , Exp. Cell Res. (1982) 141: 
409-420) diluted 200-fold with the same solution was dropped on the 
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grid and allowed t*o react under . a moist condition for 60 minutes. 

Subsequently, the grid was washed with PBS, and then gold 

colloid-conjugated anti-mouse IgG antibody diluted 200-fold was 

dropped and allowed to react under a moist, condition for 60 minutes. 

5 Subsequently; the grid was washed with PBS and then with distilled 

sterile water, and air-dried at room temperature; 4% uranium acetate 

solution was placed on the grid for the staining for 2 minutes and 

the grid was dried; the sample was observed and photographed in a, • 

JEM-1200EXI1 electron microscope (JEOL. j .' .The result showed that the 

10. spike-like structure of the envelope of the virus comprised F and 
HN proteins (Figure 12) , which demonstrated that F protein produced 
by the helper cells was efficiently incorporated into the virions. 
In addition, like the wild type virus, F-deficient virus particles 
had a helical RNP structure and a spike- like structure inside (Figure 

15 14) . ' 1 ' ' 

[Example 5] High-efficiency gene transfer to a variety of cells via 
F-deficient SeV vector in vitro 

^Introduction into primary culture cells of rat cerebral cortex nerve 
20 cells> 

Primary culture cells of rat cerebral cortex neurons were 
prepared and cultured as follows: an SD rat (SPF/VAF Crj : CD, female, 
332 g, up to 9-week old; Charles River) on the eighteenth day of 
pregnancy was deeply anesthetized by diethyl ether, and then 

25 euthanized by bloodletting from axillary arteries. The fetuses were 
removed from the uterus after abdominal section. The cranial skin 
and bones were cut and the brains were taken out. The cerebral 
hemispheres were transferred under a stereoscopic microscope to a 
working solution DMEM (containing 5% horse serum, 5% calf serum and 

30 10% DMSO) ; they were sliced and an ice-cold papain solution (1.5 U, 
0.2 mg of cysteine, 0.2. mg of bovine serum albumin, 5 mg glucose, 
DNase of 0.1 mg/ml) was added thereto,* the solution containing the 
sliced tissues was incubated for 15 minutes while shaking by inverting 
the vial every 5 minutes at 32°C. After it was verified that the 

35 suspension became turbid enough and the tissue sections became 
translucent, the tissue sections were crushed into small pieces by 
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' . pipetting. The suspension was centrifuged at 1200 rpm at 32°C for 
5 minutes, and then the cells were re-suspended in B2 7 -supplemented 
neural basal medium (GibcoBRL, Burlington, Ontario, Canada) . The 
cells were plated' on a plate coated with poly-d-lysine (Becton 
5- Dickinson Labware, Bedford, MA, U.S.A.) at a density of lx 10 5 
.cells/dish and then cultured at 37°C under 5% C0 2 . 

After a primary culture of nerve cells from cerebral cottex (5x 
10 5 /well) was done for 5. days, the cells were infected with F-def icierit 
SeV vector (moi = 5) and further, cultured for three days. The cells 

10 were fixed in a fixing solution containing 1% paraformaldehyde, 5% 
goat serum, and 0.5% Triton-X at room temperature for five minutes. 
Blocking reaction was carried out for the cells by using BlockAce 
(Snow Brand Milk Products) at room temperature for 2 hours, and then 
incubated with 500-fold diluted goat anti-rat microtubule-associated 

15 protein 2 (MAP-2) (Boehringer) IgG at room temperature for one hour. 
Further, the cells were washed three times with PBS (-) every 15 minutes 
and then were incubated with cys3 -conjugated anti-mouse IgG diluted 
100-folds with 5% goat serum/PBS at room temperature for one hour. 
Further, after the cells were washed three times with PBS(-)every 

20 15 minutes, Vectashield mounting medium (Vector Laboratories, 
Burlingame, U.S.A.) was added to 'the cells; the cells, which had been 
double-stained with MAP-2 immuno staining and GFP fluorescence, were 
f luorescently observed by using a conf ocal microscope (Nippon Bio-Rad 
MRC 1024 , Japan) and an inverted microscope Nikon Diaphot 300 equipped 

25 with excitation band-pass filter of 470-500-nm or 510-550-nm. The 
result showed that GFP had been introduced in nearly 100% nerve cells 
that were MAP2 -positive (Figure 15) . 
introduction into normal human cells> 

Normal human smooth-muscle cells, normal human hepatic cells, 

30 and normal human pulmonary capillary endothelial cells (Cell Systems) 
were purchased from DAINIPPON PHARMACEUTICAL and were cultured with 
SFM CS-C medium kit (Cell Systems) at 37°C under 5% C0 2 gas. 

Human normal cells, such as normal human smooth-muscle cells 
(Figure 15, Muscle), normal human hepatic cells (Figure 15, Liver), 

35 and normal human pulmonary capillary endothelial cells (Figure 15, 
Lung) , were infected with F-def icient SeV vector (m.o.i = 5) , and then 
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the expression of* GFP was observed. It was verified that the 
introduction efficiency was nearly 100% and the GFP gene was expressed 
at very high levels in all the cells (Figure 15) . 
< Introduction into mouse primary bone marrow eel Is > 
5 Further, an experiment was ponducted, in which mouse primary 

bone marrow Cells were separated by utilizing lineage markers and 
were infected with F-deficient SeV vector. First, 5-f luorouracil 
(5-FU, Wako Pure Chemical Industries) was given to C57BL mouse (6-week, • 
old male) ati a dose of 150 mg/kg by intraperitoneal injection (IP 

10. injection) ; 2 days after the administration, bone marrow pells were 
collected from the thighbone. The mononuclear cells were separated 
by density gradient centrifugation using Lympholyte-M (Cedarlane) . 
A mixtuire (3x 10 ) of Streptavidin-magnetic beads (Pharmingen; 
Funakoshi) , which had been coated with biotin-labeled £nti-CD45R 

15 (B220), anti-Ly6G fGr-l) , anti-Ly-76 (^ER-119) , anti-1 (Thyl..2), and 
anti-Mac-1, were added to the mononuclear cells (3x 10 6 cells) , and 
the resulting mixture was allowed to react at 4 °C for 1 hour; a fraction, 
from which Lin + cells had been removed by a magnet, was recovered (Lin" 
cells) (Erlich, S. et al . , Blood 1999. 93 (1) , 80-86) . SeV of 2x 10 7 

20 HAU/ml was added to 4x 10 5 cells of Lin" cell, and further recombinant 
rat SCF (100 ng/ml , BRL) and recombinant human IL-6 (100 U/ml) were 
added thereto. In addition, F-deficient SeV of 4x 10 7 HAU/ml was added 
to 8x 10 fe of total bone marrow cells,, and GFP-SeV of 5x 10 7 HAU/ml 
was added to lx 10 6 cells. GFP-SeV was prepared by inserting a 

25 PCR-amplif ied NotI fragment,, which contains the green fluorescence 
protein (GFP) gene (the length of the structural gene is 717 bp) to 
which a transcription initiation (Rl) , a termination (R2) signal and 
an intervening (IG) sequence are added, at the restriction enzyme 
Notl-cleavage site of SeV transcription unit pUC18/T7HVJRz . DNA ( + 18) 

30 (Genes Cells, 1996, 1: 569-579). The reconst itution of viruses 
comprising the GFP gene was performed according to a known method 
(Genes Cells, 1996, 1: 569-579) , using LLC-MK2 cells and embryonated 
egg , and then the viruses comprising the gene of interest were recovered . 
After a 48 -hour culture following the infection with GFP-SeV, the 

35 cells were divided into two groups; one of them was allowed to react 
to phycoerythrin (PE) -labeled anti-CD117 (c-kit; Pharmingen) for 1 



hour; the otjier was a control group. The cells were washed 3 times 
with PBS. then were analyzed in a flow cytometer (EPICS Elite ESP; 
Coulter , Miami ,' t i FL) . 

The result showed that F-def icient SeV vector was also infected 
5 to bone marrow cells enriched.by anti-c-kit antibody that has been 
utilized as a', marker for blood primitive stem cells and the expression 
of the GFP gene was observed (Figure 16) . The presence of infective 
particles in the culture supernatant was confirmed by determining, • 
the presence! of GFP -expressing cells three days after the addition 
10 . of cell culture supernatant treated with trypsin to LLC-1^IK2 cells. 
It was clarified that none of these .cells released infective virus 
particles. 

[Example 6] Vector administration into rat cerebral ventricle 

15 Rats (F334/Du Cr j , 6 week old/ female, Charles River) were 

anesthetized by iritraperitbneal inj ection of Nembutal sodium solution 
(Dainabot) diluted 10 fold (5mg/ml) with physiological saline (Otsuka 
Pharmaceutical Co., Ltd.). Virus was administrated using brain 
stereotaxic apparatus for small animals (DAVID KOPF) . 2 0 |il (10 8 CIU) 

20 were injected at the point 5.2 mm toward bregma from interaural line, 
2 . 0 mm toward right ear from lambda, 2 .4 mm beneath the brain surface, 
using 3 0G ekchangeable needles (Hamilton) t . A high level expression 
of GFP protein was observed in ventricle ependymal cells (Figure 17) . - 
Furthermore, in the case of F deficient SeV vector, the expression 

25 of GFP protein was observed only in ependymal cells or nerve cells 
around the injection site, which come into contact with the virus, 
and no lesion was found in this region. Abnormality in behavior or 
changes in body weight were not observed in the rats with administration 
until dissection. After dissection, no lesion was found in the. brain 

30 or in any of the tissues and organs analyzed, such as liver, lung, 
kidney, heart, spleen, stomach, intestine, and so forth. 

[Example 7] Formation of F-less virus particles from F-deficient SeV 
genome 
35 <1> 

F non-expressing LLC-MK2 cells and F-expressing LLC-MK2 cells 



45 



(LC-MK2/F7 ) were infected with F-deficient SeV virus and cultured 
with ( + ) and without (-) trypsin. The result of HA assay of cell culture 
supernatant after 3 days is shown in Figure 18A. The culture 
supernatants were 'inoculated to embryonated chicken eggs, and the 
5 • result of HA assay of chorioallantoic fluids after a 2 day-culture 
,is shown in Figure 18B. "C" on top of panel indicates PBS used as 
the control group. The numbers indicated under "Dilution" irldicates 
the dilution fold of . the virus solution. Further, HA-positive 
chorioallantoic fluids in embryonated chicken eggs (lanes 11 and 12) 

10 was reinoculated into embryonated chicken eggs, and after culturing 
for two days, the chorioallantoic fluid was examined with HA assay 
(Figure 19C) . As a result, F non- expressing cells or embryonated 
chicken eggs infected with F-deficient ; SeV virus were found to be 
HA-positive. However, viruses had not propagated after 

15 re- inoculation to embryonated chicken eggs, proving that the 
HA-positive virus solution does not have secondary infect ivity. 
<2> 

The non- infectious virus solution amplified in F non -expressing 
cells was examined for the existence of virus particles. Northern 

20 blot analysis was performed for total RNA prepared from the culture 
supernatant of F-expressing cells, HA-positive, non- infectious 
chorioallantoic fluid, and wildtype SeV by QIAamp viral RNA mini kit 
(QIAGEN) , using the F gene and HN gene as probes. As a- result, bands 
were detected for RNA derived from chorioallantoic fluid or virus 

25 in culture supernatant of F-expressing cells when the HN gene was 
used as the probe, whereas no bands were detected when using the F 
gene probe (Figure 10) . It was proven that the HA-positive, 
non- infectious fluid has non-infectious virus-like particles with 
an F-deficient genome. Further, analysis of the HA-positive, 

30 non- infectious virus solution by an immunoelectron microscopy 
revealed the existence of virus particles, and the envelope of virion 
reacted to the antibody recognizing gold colloid- labeled HN protein, 
but not to the antibody recognizing gold colloid- labeled F protein 
(Figure 20) . This result showed the existence of F-less virions, 

35 proving that the virus can be formed as a virion with HN protein alone, 
even without the existence of the F protein. It has been shown that 
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SeV virion c^ri form with F alone .(Leyer, S. et al . , J Gen. Virol 79, 
683-687 .(1998)), and the present result proved for the first time 
that SeV virion', can be formed with HN protein alone. Thus, the fact 
that F-less virions can tie transiently produced in bulk in embryonated 
5 chicken eggs 'shows that virions packaging SeV F-deficient RNP can 
be produced in bulk.. 

<3> ' 1 

As described above, F-less virus virions transiently amplified, 
in embryonated. dhicken eggs are not at all infective towards cells 

10 infected by the Sendai virus. To confirm that functional RNP 
structures are packaged in envelopes,. F-expressing cells and 
non- expressing cells were, mixed with cationic liposome (DOSPER, 
Boehrmcjer mannheim) and transfected by incubation for 15 minutes 
at room temperature. As a result, GFP-expressing cell£ .were not 

15 observed at all when the cells are not mixed with the cationic liposome, 
whereas all cells expressed GFP when mixed with cationic liposome. 
In F non -expressing cells, GFP expression was seen only in individual 
cells and' did not extend to adjacent cells, whereas in F-expressing 
cells, GFP-expressing cells extended to form colonies (Figure 21) . 

20 Therefore, it became clear that non- infect ious virions transiently 
amplified in embryonated chicken eggs could express a gene when they 
are introduced into cells by methods such as transf ection . 

[Example 8] Reconst itut ion and amplification of the virus from 

25 FHN-def icient SeV genome 

Construction of FHN-def icient genomic cDNA> 

To construct FHN-def icient SeV genomic cDNA (pSeV18 + /AFHN) , 
pUC18/KS was first digested with EcoRI to construct pUC18/Eco, and 
then whole sequence from start codon of F gene to stop codon . of HN 

30 gene (4866-8419) was deleted, then it was ligated at BsiwI site (cgtacg) . 
After the sequence of FHN deleted region was confirmed by base 
sequencing, EcoRI fragment (4057 bp) was recovered from gels to 
substitute for EcoRI fragment of pUC18/KS to accomplish the 
construction. A KpnI/SphI fragment (14673 bp) comprising the FHN 

35 deleted region was recovered from gels to substitute for KpnI/SphI 
fragment of pSeV18 + to obtain plasmid pSeV18 + /AFHN . 
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Oni the, other hand, the construction of FHN-def icient SeV cDNA 
introduced with GFP was accomplished as follows. Sall/Xhol fragment 
(78.42 bp) was recovered from pSeV18 + /AFHN, and cloned into pGEMUZ 
(Promega) . The resultant plasmid was named. as pGEMUZ/SXdFHN . To the 
5 FHN-def icient site of pGEMHZ/SXd,FHN, PCR product with Bsixl sites 
at both ends', of ATG-TAA (846 hp) of d2EGFP (Clontech) was ligated 
by digesting with Bsixl enzyme. . The resultant 'plasmid was named as 
pSeV18 + /AFHN-d2GFP. . 
Establishment 6f FHN-def icient , protein .co-expressing cell line> 

10 The plasmid expressing F gene is identical to the or^e used for 

establishment of F-def icient, protein co^expressing cell line, and 
plasmid expressing HN gene was similarly constructed, and the fragment 
comprising ORF of HN was inserted to unique Swal site of pCALNdlw 
(Arai et al . , described above) to obtain plasmid named pCALNdLw/HN. 

15 LLC-MK2 cells were mixed with same amount or different ratio 

of pCALNdLw/F and pCALNdLW/HN, to introduce genes using mammalian 
transfection kit (Stratagene) , according to the manufacture's 
protocol.* Cells were cloned after a three week-selection with G418. 
Drug resistant clones obtained were infected with a recombinant 

20 adenovirus (Ade/Cre, Saito et al . , described above) (moi = 10) , which 
expresses Cre DNA recombinase. Then the cells were collected 3 days 
after inducting expression Of F and HN protein after washing 3 times 
with PBs'(-), and they were probed with monoclonal IgG of anti-SeV 
F protein and anti-SeV HN protein by using Western blotting method 

25 (Figure 22) . 

Construction of pGEM/ FHN> 

F and HN fragments used for the construction of pCALNdLw/F and 
pCALNdLw/HN were cloned into pGEM4Z and pGEM3Z (Promega) to obtain 
pGEM4Z/F and pGEM3Z/HN, respectively. A fragment obtained by PvuII 

30 digestion of the region comprising T7 promoter and HN of pGEM3Z/HN 
was recovered, and ligated into the blunted site cut at the SacI unique 
site at the downstream of F gene of pGEM4Z/F. F and HN proteins were 
confirmed by Western blotting using anti-F or anti-HN monoclonal 
antibodies to be expressed simultaneously when they were aligned in 

35 the same direction. 

<Reconstitution of FHN-def icient virus> 
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The reconstitution of FHN-def icient viruses (PO) was done in 
two ways. One was using the RNP transfection method as- used in the 
reconstitution of F-def icient virus, and the other was using T7 to 
supply co -expressing plasmids . Namely, under the regulation' of T7 
5 . promoter, plasmids expressing F and HN proteins were constructed 
.separately, and using those plasmids F and ; HN proteins were supplied 
for the reconstitution. ' In both methods, reconstituted viruses were 
amplified by FHN coexpressing cells. FHN-def icient , GFP- expressing 
SeV cDNA (pSeVl 8 + /AFHN-d2GFP) , pGEM/NP, pGEM/P, pGEM/L, and pGEM/FHN 

10 were mixed in the ratio of 12 |ig/10 cm dish, 4 |ig/10 cm dish, 2 |ig/10 
cm dish, 4 |ig/10 cm dish, and 4 |Lig/10 cm dish (final total volume, 
3 ml/ 10 cm dish) for gene introduction into LLC-MK2 cells in the same 
way as F-def icient SeV reconstitution described above. Three hours 
after the gene introduction, media was changed to MEM containing AraC 

15 (40 |xg/ml, SIGMA) and trypsin (7 . 5 fig/ml , 'GIBCO) , and cultured further 
for 3 days . Observation was carried out by fluorescence stereoscopic 
microscope 2 days after gene introduction. The effect of pGEM/FHN 
addition was analyzed, and the virus formation was confirmed by the 
spread of GFP-expressing cells. As t a result, a spread of 

20 GFP-expressing cells was observed when pGEM/FHN was added at 
reconstitution, whereas the spread was not observed when pGEM/FHN 
' was not added, and the GFP expression was observed only in a single 
cell (Figure 23) . It is demonstrated that the addition at FHN protein 
reconstitution caused virus virion formation. On the other hand, dn 

25 the case of RNP transfection, virus recovery was successfully 
accomplished in FHN expressing cells of PI, as in the case of F 
deficiency (Figure 24, upper panel). 

Virus amplification was confirmed after infection of 
FHN-def icient virus solution to cells induced to express FHN protein 

30 6 hours or more after Ade/Cre infection (Figure 24, lower panel). 

Solution of viruses reconstituted from FHN-def icient 
GFP-expressing SeV CDNA was infected to LLC-MK2 , LLC-MK2/F, LLC-MK2/HN 
and LLC- MK2/ FHN cells, and cultured with or without the. addition of 
trypsin. After 3 days of culture, spread of GFP protein expressing 

35 cells was analyzed. As a result, spread of GFP was observed only in 
LLC - MK2 / FHN , confirming that the virus solution can be amplified 
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specif ically. by FHN co-expression and in a trypsin dependent manner 
(Figure 25) . 

To confirm FHN-def icient viral -genome , culture supernatant 
recovered from . LLC-MK2/ FHN cells was centrifuged, and RNA was 
5 extracted using.. QIAamp Viral ,RNA, mini kit (QIAGEN) , according to 
manufacturer's protocol. The RNA was used for template synthesis of 
RT-PCR using Superscript Preamplif icat ion System for first Strand 
Synthesis (GIBCO BRL) , and PCR was performed using TAKARA Z-Taq, 
(Takara) F^-def icient virus was used as a control group. PCR primer 

10 sets were selected as combination of M gene and GFP gene, or ccpmbination 
of M gene and L gene (for combination/of M gene and GFP gene (M-GFP) , 
forward: 5 1 -atcagagacctgcgacaatgc / SEQ ID NO: 13, reverse: 
5 ' -aagt^gtgctgcttcatgtgg / SEQ ID NO: 14; for combination of M gene 
and L gene (M-L ) , forward: 5 ' -gaaaaacttagggataaagtccc / SEQ ID NO: 

15 15, reverse : 5 v-gttatctccgggatggtgc / SEQ ID NO: 16) . As a result, 
specific bands were obtained for both F-def icient and FHN-def icient 
viruses at RT conditions when using M and GFP genes as primers. In 
the case of using M and L genes as primers, the bands with given size 
comprising GFP were detected for FHN deficient sample, and lengthened 

20 bands with the size comprising HN gene were detected f or F deficient 
one. Thus, FHN deficiency in genome structure was proven (Figure 26) . 

On the other hand, FHN-def icient virus was infected to 
F-expressing cells similarly as when, using the F-def icient virus , 
and culture supernatant was recovered after 4 days to perform infection 

25 experiment toward LLC-MK2, LLC-MK2/F, and LLC - MK2 / FHN . As a result, 
GFP expression cell was not observed in any infected cell, showing 
that the virus has no infectiousness to these cells. However, it has 
been already reported that F protein alone is enough to form virus 
particles (Kato, A. et al . , Genes cells 1, 569-579 (1996)) and that 

30 asialoglycoprotein receptor (ASG-R) mediates specific infection to 
hepatocytes (Spiegel et . al . , J. Virol 72, 5296-5302, 1998). Thus, 
virions comprising FHN-def icient RNA genome, with virus envelope 
configured with only F protein may be released to culture supernatant 
of F-expressing cells. Therefore, culture supernatant of 

35 F-expressing cells infected with FHN-def icient virus was recovered, 
and after centrif ugation, RNA was extracted as described above and 
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analyzed by .RT-PCR by the method described above . As a result, the 
existence of RNA comprising FHN-def icient genome was proved as shown 
in Figure 2 7 . \ t 

Western blotting analysis of virus virion turned into pseudotype 
5 with VSV-G clearly shows' that, F ^nd.HN proteins are not expressed. 
It could be said that. herein, the production system of FHN-def icient 
virus virions. was established. ' 

Moreover, virions released from F protein expressing cells were, • 
overlaid on 1 FHN 'expressing or non -expressing LLC-MK2 cells with or 
10 without mixing .with a cationic liposome (50 (Xl DOSPER/50Q |Lil/well) . 
As a result, spread of GFP-expressing.cells was observed'when overlaid 
as mixture with DOSPER, while HN-less virion only has no infectiousness 
at all, 'not showing GFP-expressing cells, as was seen in the case 
of F-less particles described above . In FHN non-expressing .cells GFP 
15 expressing cell was observed, but no evidence of virus re-formation 
and spread was found. 

These virus-like particles recovered from F-expressing cells 
can infect . cells continuously expressing ASG-R gene, ASG-R 
non-expressing cells, or hepatocytes, and whether the infection is 
20 liver-specific or ASG-R specific can be examined by the the method 
of Spiegel et al . 

[Example 9] Application of deficient genome RNA virus vector 

1. F-def icient RNP amplified in the system described above is 
25 enclosed by the F-less virus envelope. The envelope can be introduced 

into cells by adding any desired cell -introducing capability to the 
envelope by chemical modification methods and such, or by gene 
introducing reagents or gene guns or the like (RNP transf ection, or 
RNP injection) , and the recombinant RNA genome can replicate and 
30 produce proteins autonomously and continuously in the cells. 

2. A vector capable of specific targeting can be produced, when 
intracellular domain of HN is left as-is, and the extracellular domain 
of HN is fused with ligands capable of targeting other receptors in 
a specific manner, and recombinant gene capable of producing chimeric 

35 protein is incorporated into viral -genome . In addition, the vector 
can be prepared in cells producing the recombinant protein. These 
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* . vectors can be applicable to gene therapy, as vaccines, or such. 

3. Since the reconstitut ion of SeV virus deficient inboth FHN has 
been successfully accomplished, targeting vector can be produced by 
introducing target ing-capable envelope chimeric protein gene »into 

5- FHN deletion site instead of the GFP gene, reconstituting it by the 
.same method as in the case of FHN-def icient vector, amplifying the 
resultant once in FHN- expressing cells, infecting the resultant to 
• ti non-expressing cells, and recovering virions formed with only the 

targeting- capable chimeric envelope protein transcribed from the 
10 viral -genome . 

4. A mini -genome of Sendai. virus and a virion formed with only F 
protein packaging mini-genome by introducing NP, P, L and F gene to 
cells have been reported (Leyer et al . , J Gen. Virol 79 , 683-687 , 1998) . 

A vector in which murine leukemia virus is turned into pseudo-type 

1 t 

15 by Sendai F protein has also been reported (Spiegel et al . , J. Virol 
72, 5296-5302, 1998) . Also reported so far is the specific targeting 
of trypsin-cleaved F-protein to hepatocytes mediated by ASG-R (Bitzer 
et al.; J.Virol. 71, 5481-5486, 1997). The systems in former reports 
are transient particle-forming systems, which make it difficult to 

20 continuously recover vector particles. Although Spiegel et al . has 
reported retrovirus vector turned into pseudo-type by Sendai F protein, 
this method carries intrinsic problems like the retrovirus being able 
to introduce genes to only mitotic cells. The virus particles— 
recoveired in the present invention with a FHN co-deficient SeV 

25 viral-genome and only the F protein as the envelope protein are 
efficient RNA vectors capable of autonomous replication in the 
cytoplasm irrespective of cell mitosis. They are novel virus 
particles, and is a practical system facilitating mass production. 

30 [Example 10] Virus reconstitut ion and amplification from 
FHN-def icient SeV genome 

The techniques of reconstitut ion of infectious virus particles 
from cDNA that cloned the viral genome has been established for many 
single strand minus strand RNA viruses such as the Sendai virus, measles 

35 virus. 

In most of the systems, reconst itution is carried out by 
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introducing plasmids introduced with cDNA, NP, P, and L genes at the 
downstream of T7 promoter into cells and expressing cDNA and each 
gene using T7 polymerase. To supply T7 polymerase , recombinant 
vaccinia virus expressing T7 polymerase is mainly used. • » 

T7 expressing vaccinia virus can express T7 polymerase 
.efficiently in most cells. Although,, because of vaccinia 
virus-induced cytotoxicity, infected ceslls can live for Oiily 2 or 
3 days . i In most cases, rif ampicin is used as an anti -vaccinia reagent . 
In the system of Kato et al . (Kato, A. et'al . , Genes cells 1 ,. 569-579 
(1996)), AraC was used together withf rif ampicin for inhibiting 
vaccinia virus growth to a minimum level , and efficient recohstitution 
of Sendai virus. 

However, the reconstitution efficiency of minus strand RNA virus 

represented by Sendai virus is several 1 particles or less in lx 10 5 

cells, far lower than other' viruses such as retroviruses. 

Cytotoxicity due to the vaccinia virus and the complex reconstitution 

* ' ■ ■ ' 

process (transcribed and translated protein separately attaches to 

bare RNA to form RNP-like structure, and after that, transcription 

and translation occurs by a polymerase) c^n be given ais reasons for 

this low reconstitution efficiency. 

In addition to the vaccinia virus, an adeno virus system was 
examined as a means for supplying T7 polymerase, but no good result 
was obtained. Vaccinia virus encodes RNA capping enzyme functioning 
in cytoplasm as the enzyme of itself in addition to T7 polymerase 
and it is thought that the enzyme enhances the translat ional efficiency 
by capping the RNA transcribed by T7 promoter in the cytoplasm. The 
present invention tried to enhance the reconstitution efficiency of 
Sendai virus by treating vaccinia virus with Psoralen-Long-Wave-UV 
method to avoid cytotoxicity due to the vaccinia virus. 

By DNA cross -linking with Psoralen and long-wave ultraviolet 
light, the state in which the replication of virus with DNA genome 
is inhibited, without effecting early gene expression in particular, 
can be obtained. The notable effect seen by inactivation of the virus 
in the system may be attributed to that vaccinia virus having a long 
genome (Tsung, K. et al . , J Virol 70, 165-171 (1996) ) . 

In the. case of wildtype virus that can propagate autonomously, 
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even a single particle of virus formed by reconstitution makes it 
possible, for Sendai virus to be propagated by inoculating transf ected 
cells to embryonated chicken eggs. Therefore, one does not have to 
consider of the efficiency of reconstitution and the residual vaccinia 
5 virus seriously .. 

However, in the case of reconstitution of various mutant viruses 
for researching viral replication, particle formation mechanism, and 
so on, one may be obligated to use cell lines expressing a protein, • 
derived froh virus and such, not embryonated chicken eggs, for 

10 propagation of ,the virus. Further, it may greatly possible that the 
mutant virus or deficient virus propagates markedly slower than the 
wild type virus. 

Td propagate Sendai virus with such mutations , transf ected cells 
should be overlaid onto cells of the next generation and. cultured 

15 for a long period. ' In such cases, the reconstitution efficiency and 
residual titer of vaccinia' virus may be problematic. In the present 
method, titer of surviving vaccinia virus was successfully decreased 
while increasing reconstitution efficiency. 

Using the present method, a mutant virus that could have not 

20 been ever obtained in the former system using a non-treated vaccinia 
virus was successfully obtained by reconstitution (F, FHN-def icient 
virus) . Th£ present system would be a great tool for the reconstitution 
of a mutant virus, which would be done more in the future. Therefore, 
the present inventors examined the amount of Psoralen and ultraviolet 

25 light (UV) , and the conditions of vaccinia virus inactivation. 
<Experiment > 

First, Psoralen concentration was tested with a fixed 
irradiation time of 2 min . Inactivation was tested by measuring the 
titer of vaccinia virus by plaque formation, and by measuring T7 

30 polymerase activity by pGEM-luci plasmid under the control of T7 
promoter and mini -genome of Sendai virus. The measurement of T7 
polymerase activity of mini -genome of Sendai virus is a system in 
which cells are transf ected concomitantly with plasmid of mini -genome 
of Sendai virus and pGEM/NP , pGEM/P, and pGEM/L plasmids , which express 

35 NP- , P- , and L-protein of Sendai virus by T7 , to examine transcription 
of lucif erase enzyme protein by RNA polymerase of Sendai virus after 



the formation' of ribonucleoprotein complex. 

After the 2 min UV irradiation, decrease in titer of vaccinia 
virus depending, on psoralen concentration was seen. However, T7 
polymerase activity, was unchanged for a Psoralen concentration up 
5 to. 0, 0.3, and 1 |ig/ml, but decreased approximately to one tenth at 
10 |Lig/ml (Fi'gure 28).. 

Furthermore, by fixing Psoralen concentration to 0.3 jig/ml , UV 
irradiation time was . examined . In accordance with the increase of, 
irradiation 'time', the titer of vaccinia virus was decreased, although 

10 no effect on T7 polymerase activity was found up to a 30 min irradiation. 

» 

In this case, under the conditions of 0 . 3 |Llg/ml and 3 0 min irradiation, 
titer could be decreased down to 1/1000 without affecting T7 polymerase 
activity (Figure 29). 

However, in vaccinia virus with a decreased titer bf 1/1000, 

* • - - . ' 

15 CPE 24 hours after infection at moi = 2 calibrated to pretreatment titer 
(moi=0.002 as residual tit£r after treatment) was not different from 
that of non-treated virus infected at moi=2 (Figure 30). 

Using vaccinia virus treated under the conditions described 
above, the efficiency of reconstitution of Sendai virus was examined. 

20 Reconstitution was carried out by the procedure described below, 
modifying the method of Kato et al . mentioned above. LLC-MK2 cells 
were seeded onto 6-well microplates at 3x ( 10 5 cells/well, and after 
an overnight culture,- vaccinia virus .was diluted to the titer of -6x 
10 5 pfu/100 \il calibrated before PLWUV treatment, and infected to 

25 PBS-washed cells. One hour after infection, 100 |Lil of OPTI-MEM added 
withl, 0.5, 1, and 4 |j,g of plasmidpGEM-NP, P, L, and cDNA, respectively, 
was further added with 10 fil Superfect (QIAGEN) and left standing 
for. 15 min at room temperature, and after adding 1 ml OPTI-MEM (GIBCO) 
(containing Rif . and AraC) , was overlaid onto the cells. 

30 Two, three and four days after transf ect ion, cells were recovered, 

centrifuged, and suspended in 300 |Lll/well of PBS . 100 |ll of cell 
containing solution made from the suspension itself, or by diluting 
the suspension by 10 or 10 0 folds , was inoculated to embryonated chicken 
eggs at day 10 following fertilization, 4 eggs for each dilution (lx 

35 10 s , lx 10 4 , and lx 10 3 cells, respectively) . After 3 days, allantoic 
fluid was recovered from the eggs and the reconstitution of virus 
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was examined by HA test (Table 1) . Eggs with HA activity was scored 
as 1 point, 10 points and 100 points for eggs inoculated- with Ix 10 5 , 
lx 10 4 , and lx 10 3 cells, respectively, to calculate Reconst itution 
Score (Figure 31).' The formula is as shown in Table 1. 1 » 

.Table 1. Effect of the duration of UV treatment of vaccinia virus 
on reconstitution efficiency of Sendai virus. ' ' 
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Also, residual titers of vaccinia virus measured at 2, 3 , and 
4 days after transfection within cells were smaller in the treated 
group in proportion to the titer given before transfection (Figure 



By.inactivating vaccinia virus by PLWUV, titer could be decreased 
down to 1/1000 '.without affecting T7 polymerase activity. However, 
CPE derived from vaccinia virus did not differ from that of non-treated 
5 virus with a 1000 fold ' higher titer as revealed by microscopic 
observations'.. 

Using vaccinia virus treated with the condition described above 
for reconstitution of Sendai virus, reconstitut ion , efficiency, 
increased f f om ten to hundred folds (Figure 31) . At the same time, 
10. residual titer of vaccinia virus after transfection was -nop 5 pfu/10 5 
cells or more. Thus, the survival of replicable vaccinia virus was 
kept at 0.005% or less. 

[Example 11] Construction of pseudotype 'Sendai virus ' . ' 
15 <1> Preparation of helper cells in which VSV-G gene product is induced 
Because VSV-G gend product has a cytotoxicity, stable 
transf ormant was created in LLC-MK2 cells using plasmid pCALNdLG (Arai 
T. et al ., »J. Virology 72 (1998) plll'5-1121) in which VSV-G gene product 
can be induced by Cre recombinase. Introduction of plasmid into 
20 LLC-MK2 cells was accomplished by calcium phosphate method 
(CalPhosTMMammalian Transfection Kit, Clontech) , according to 
accompanying manual. 

Ten micrograms of plasmid pCALNdLG was introduced into LLC-MK2 
cells grown to 60% conf luency in a 10 cm culture dish. Cells were 
25 cultured for 24 hours with 10 ml MEM-FCS 10% medium in a 5% C0 2 incubator 
at 37°C. After 24 hours, cells were scraped off and suspended in 10 
ml of medium, and then using five 10 cm culture dishes, 1, 2 and 2 
dishes were seeded with 5 ml, 2 ml and 0.5 ml, respectively. Then 
they were cultured for 14 days in 10 ml MEM-FCS 10% medium containing 
30 1200 M-g/ml G418 (GIBCO-BRL) with a medium change on every other day 
to select stable transf ormant s . Twenty- eight clones resistant to G418 
grown in the culture were recovered using cloning rings. Each clone 
was expanded to conf luency in a 10 cm culture dish. 

For each clone, the expression of VSV-G was examined by Western 
35 blotting described below using ant i -VSV-G monoclonal antibody, after 
infection with recombinant adenovirus AxCANCre containing Cre 
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recombinase . 

Each clone was grown in a 6 cm culture dish to conf luency, and 
after that, adenovirus AxCANCre was infected at MOI=10 by the method 
of Saito et al. (se'e above) , and cultured for 3 days. After removing 
5 • the culture supernatant, the cells were washed with PBS, and detached 
.from the culture dish by adding 0 . 5 ml PBS { containing 0.05% trypsin 
and 0.02% EDTA (ethyleriediaminetetraacetic acid) and incubating at 
37°C, 5 min. After suspending in 3 ml PBS, the cells were collected 
by centrifugation at 1500x g, 5 min.' The cells obtained were 

10 resuspended in 2 ml PBS, and then centrifuged again at 1500x g, 5 
min to collect cells. 

The cells can be stored at -20°C,,.and can be used by thawing 
according to needs. The collected cells were lysed in 100 (il cell 
lysis solution (RIPA buffer, Boehringer Mannheim)., and using whole 

15 protein of the cells (lx 10 5 cells per lane) Western blotting was 
performed. Cell lysates were dissolved in SDS-polyacrylamide gel 
electrophoresis sample buffer (buffer comprising 6 mM Tris-HCl (pH6 . 8 ) , 
2% SDS, 10% glycerol, 5% 2 -mercaptoethanol ) and subjected as samples 
for electrophoresis after heating at 95°C/ 5 min. The samples were 

20 separated by electrophoresis using SDS-polyacrylamide gel (Multigel 
10/20, Daiichi Pure Chemicals Co., Ltd), and the separated protein 
' was then transferred to transfer membrane (Immobilon-P 
Transf erMembranes ,_ Millipore) by semi -dry blotting method . Transfer 
was carried out using transfer membrane soaked with 100% methanol 

25 for 2 0 sec and with water for 1 hour, at a 1 mA/cm 2 constant current 
for 1 hour. 

The transfer membrane was shaken in 40 ml of blocking solution 
(Block-Ace, Snow Brand Milk Products Co. , Ltd. ) for 1 hour, and washed 
once in PBS . 

30 The transfer membrane and 5 ml anti-VSV-G antibody (clone P4D4, 

Sigma) diluted 1/1000 by PBS containing 10% blocking solution were 

sealed in a vinyl -bag and left to stand at 4°C. 

The transfer membrane was soaked twice in 40 ml of PBS - 0 . 1% Tween 

20 for 5 min, and after the washing, soaked in PBS for 5 min for washing. 
35 The transf er membrane and 5 ml of anti -mouse IgG antibody labeled 

with peroxidase (anti-mouse immunoglobulin, Amersham) diluted to 
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1/2500 in PBS containing 10% blocking solution were sealed in vinyl-bag 
and were shaken at room temperature for 1 hour. 

After shaking, the transfer membrane was soaked twice in PBS-0 . 1% 
Tween 2 0 for 5 min', and after the washing, soaked in PBS for 1 5 min 
for washing . 

The detection of proteins on the meipbrane crossreacting with 
anti-VSV-G antibody was* carried out by the luminescence method (ECL 
Western blotting detection reagents, Amersham) . The result is shown 
in Figure 33 . Three clones show.ed AxCANCre infection specific VSV-G 
expression, confirming the establishment of LLC-MK2 cells in which 
VSV-G gene product can be induced. 

One clone among the clones obtained, named as LLCG-LI, was 
subjected to flow cytometry analysis using anti-VSV antibody (Figure 
34) . As a result, reactivity with antibody specific to VSV-G gene 
induction was detected in LLCG-LI, confirming that VSV-G protein is 

expressed on the cell surface. 

• . ■ • 1 

i ■ . 

<2> Preparation of pseudotype Sendai virus comprising a genome 

deficient in the F gene using helper cells 

Sendai virus comprising a genome deficient in F gene was infected 

to VSV-G gene expressing cells, and whether production of pseudotype 

virus with VSV-G as capsid can be seen or not was examined using 

F-def icient Sendai virus comprising GFP gene described in the- examples 

above, and the expression of GFP gene as an index. As a result, »in 

LLCG-LI without infection of recombinant adenovirus AxCANCre 

comprising Cre recombinase, virus gene was introduced by F-def icient 

Sendai virus infection and GFP-expressing cells were detected, 

although the number of expressing cells was not increased. In VSV-G 

induced cells, chronological increase of GFP-expressing cells was 

found. When 1/5 of supernatant s were further added to newly VSV-G 

induced cells , no gene introduction was seen in the former supernatant , 

while the increase of GFP-expressing cells as well as gene introduction 

were found in the latter supernatant. Also, in the case that 

supernatant from latter is added to LLCG-LI cells without induction 

of VSV-G, gene was introduced, but increase of GFP- expressing cells 

was not seen. Taken together, virus propagation specific to VSV-G 
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expressing cells was found, and pseudotype F-deficient virus formation 
with VSV-G was found. 

» 

<3> Evaluation \of conditions for producing pseudotype Sendai virus 
with F gene-deficient genome 
5 A certain amount of pseudotype, Sendai viruses with F 

gene-deficient genomes was infected changing the amount of AxCANCre 
infection (1X101 = 0, 1.25, 2.5, 5, and 10) and culture supernatant was 
recovered at day 7 or day 8. Then, the supernatant was .infected to, • 
the cells before 'and after induction of VSV-G, and after 5 days, number 

10 of cells expressing GFP was compared to see the effect of; amount of 
VSV-G gene expression. As a result,, no virus production was found 
at MOI = 0 and maximum production was found at MOI = 10 (Figure 35) . In 
additiorl, when time course of virus production was analyzed, the 
production level started to increase from 1 day 5 or after, persisting 

15 to day 8 (Figure 36) . The measurement of virus titer was accomplished 
by calculating the number of particles infected to cells in the virus 
solution (CIU) , by counting GFP-expressing cells 5 days after 
infection of serially (10 fold each) diluted virus solutions to cells 
not yet induced with VSV-G. As a result, the maximal virus production 

20 was found to be 5x 10 5 ClU/ml . 

<4> Effect of anti-VSV antibody on infectiousness of pseudotype Sendai 
virus with'F gene-deficient genome 

As* to whether pseudotype Sendai virus with F gene -deficient 
genome obtained by using VSV-G expressing cells comprises VSV-G 

25 protein in the capsid, the neutralizing activity of whether 
infectiousness will be affected was evaluated using anti-VSV antibody. 
Virus solution and antibody were mixed and lest standing at room 
temperature for 30 min, and then infected to LLCG-L1 cells without 
VSV-G induction. On day 5, gene -introducing capability was examined 

30 by the existence of GFP-expressing cells. As a result, perfect 
inhibition of infectiousness was seen by the anti-VSV antibody, 
whereas in Sendai virus with F gene-deficient genome having the 
original capsid, the inhibition was not seen (Figure 37) . Therefore, 
it was clearly shown that the present virus obtained is a pseudotype 

35 Sendai virus comprising VSV-G protein in its capsid, in which 
infectiousness of the virus can be specifically inhibited by an 



antibody. 

<5>' Confirmation of pseudotype Sendai virus's possession of 
F-deficient genome • 

Western blotting analysis of cell extract of inf ected cells was 
carried out to examine if the present virus propagated in cells 
.expressing VSV-G gene is the F-deficient type. Western analysis was 
accomplished by the method described above . . As .the primary afrtibodies, 
anti-Sendai virus polyclonal antibody prepared from rabbit, anti-F 
protein monoclonal antibody prepared from mouse, and anti-HN protein 
monoclonal antibody prepared from mouse were used. As the secondary 
antibodies, anti-rabbit IgG antibody labeled with peroxidase in the 
case of anti-Sendai virus polyclonal antibody, and ant i -mouse. IgG 
antibody labeled with peroxidase in the case of anti-F protein 
monoclonal antibody and anti-HN protein monoclonal antibody, were 
used. As a result, F protein was not detected, whereas protein derived 

from Sendai virus and HN protein were detected, confirming it is 

* . i ■ 

F-deficient type. ( 

<6> Preparation of pseudotype Sendai virus with F and HN gene -deficient 
genome by using helper cells 

Whether the production of pseudotype virus with VSV-G in its 
capsid is observed after the infection of Sendai virus with. F and 
HN gene-deficient genome to LLCG-L1 cells expressing VSV-G gene was 
analyzed using GFP gene expression as the indicator and F and HN 
gene-deficient Sendai virus comprising GFP gene described in examples 
above , by a similar method as described in examples above . As a result , 
virus propagation specific to VSV-G expressing cells was. observed, 
and the production of F and HN deficient Sendai virus that is a 
pseudotype with VSV-G was observed (Figure 38) . The measurement of 
virus titer was accomplished by calculating the number of particles 
infected to cells in the virus solution (CIU) , by counting 
GFP -expressing cells 5 days after infection of serially (10 fold each) 
diluted virus solutions to cells not yet induced with VSV-G. As a 
result, the maximal virus production was lx 10 6 ClU/ml. 
<7> Confirmation of pseudotype Sendai virus's possession of F and 
HN deficient genome 

Western blotting of proteins in cell extract of infected cells 
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was carried out to analyze whether the present virus propagated in 
VSV-G expressing cells are the F and HN deficient type. As a result, 
F and HN proteins were not detected, whereas proteins derived from 
Sendai virus were detected, confirming tha : t it is F and HN def icdent 
5 • type (Figure 39) . 

" i 

[Example 12] Analysis Of virus reconst I tut ion method ' ' 
<Conventional method> 

LLC-MK2 cells were seeded, onto 100 mm culture dishes at 5x 10 6 

10 cells/dish. After a 24 hour culture, the cells were washed once with 
MEM medium without serum, and then infected with recombinant vaccinia 
virus expressing T7 RNA polymerase (Fuerst, T.R. et al . , Proc . Natl. 
Acad. Sci. USA 83, 8122-8126 1986) (vTF7-3) at room temperature for 
1 hour (moi = 2) (moi=2 to 3, preferably mol = 2 is used) . The virus used 

15 herein, was pretreated with 3 |Lig/mi psoralen and long-wave ultraviolet 
light (365 nm) for 5 min. Plasmids pSeV18 + /AF-GFP, pGEM/NP, pGEM/P, 
and pGEM/L (Kato, A. et a^ . , Genes cells 1, 569-579 (1996)) were 
suspended in Opti-MEM medium (GIBGO) at ratio of 12 |lg, 4 Jig, 2 fig, 
and 4 (xg/dish, respectively. Then, SuperFect transfection reagent 

20 (1 |ig DNA/5 |ll, QIAGEN) was added and left to stand at room temperature 
for 15 min and 3 ml Opti-MEM medium containing 3% FBS was added. 
' Thereafter, the cells were washed twice with MEM medium without serum, 
and DNA- SuperFect mixture was added. After a 3 hr culture, cells were 
washed twice with MEM medium without serum, and cultured 70 hours 

25 in MEM medium containing 40 jig/ml cytosine p-D-arabinof uranoside (AraC, 
Sigma) . Cells and culture supernatant were collected as P0-d3 samples . 
Pellets of P0-d3.were suspended in Opti-MEM medium (10 7 cells/ml). 
They were freeze- thawed three times and then mixed with lipofection 
reagent DOSPER (Boehringer Mannheim) (10 6 cells/25 (ll DOSPER) and left 

30 to stand at room temperature for 15 min . Then, F-expressing LLC-MK2/F7 
cells were transfected with the mixture (10 6 cells/well in 24-well 
plate) and cultured with MEM medium without serum (containing 4 0 |og/ml 
AraC and 7.5 jJtg/ml trypsin) . Culture supernatants were recovered on 
day 3 and day 7 and were designated as Pl-d3 and Pl-d7 samples. 

35 <Envelope plasmid + F-expressing cells overlaying method> 

Transfection was carried out similarly as described above, 



except that .4 |ag/dish envelope plasmid pGEM/FHN was added. After a 
3 hr culture, cells were washed twice with MEM medium without serum, 
and cultured 48- hours in MEM medium containing 4 0 |xg/ml cytosine 
p-D-arabinofuranoside (AraC, Sigma) and .7.5 Mg/ml trypsin. After 
5 removing the culture supernatant , , cells were overlaid with 5 ml cell 
suspension solution of a 100 mm dish of F-expressing LLC-MK2/F7 cells 
suspended with MEM medium without serum (containing 4 0 |jg/ml AraC 
and 7 . 5 |ig/ml trypsin) . After a 48 hr culture, cells and supernatants, 
were recovered and designated as P0-d4 samples. Pellets of P0-d4 

10 samples were suspended in Opti-MEM medium (2x 10 7 cel^.s/ml) a.nd 
freeze-thawed three times. Then F-expressing LLC-MK2/F7 cells were 
overlaid with the suspension (2x 10 6 cells/well, 24-well plate) and 
cultured in MEM medium without serum (containing 4 0 |LLg/ml AraC and 
7.5 |ig/ml trypsin) . Culture supernatants were recovered oh<day 3 and 

15 day 7 of the culture, designated as Pl-d3 and Pl-d7 samples, 
respectively. As a control', experiment was carried out using the same 
method as described above, but without overlaying and adding only 
the envelope plasmid. 

<CIU (Cell Infectious Units) measurement by counting GFP- expressing 

20 cells (GFP-CIU) > 

LLC-MK2 cells were seeded onto a 12-well plate at 2x 10 s 
cells/well; and after 24 hr culture the wells were washed once with 
MEM medium without serum. Then, the. cells were infected with 100 
|il/well of appropriately diluted samples described above (P0-d3 or 

25 P0-d4, Pl-d3, and Pl-d7), in which the samples were diluted as 
containing 10 to 100 positive cells in 10 cm 2 . After 15 min, 1 ml/well 
of serum- free MEM medium was added, and after a further 24 hr culture, 
cells were observed under fluorescence microscopy to count 
GFP-expressing cells . 

30 <Measurement of CIU (Cell Infectious Units) > 

LLC-MK2 cells were seeded onto a 12-well plate at 2x 10 5 
cells/dish and after a 24 hr culture, cells were washed once with 
MEM medium without serum. Then, the cells were infected with 100 
|al/well of samples described above, in which the virus vector contained 

35 is designated as SeV/AF-GFP. After 15 min, 1 ml/well of MEM medium 
without serum was added and cultured for a further 24 hours. After 
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the culture, .cells were washed with PBS (-) three times and were dried 
up by leaving standing at room temperature for approximately 10 min 
to 15 min. To fix cells, 1 ml/well acetone was added and immediately 
removed, and then the cells were dried up. again by leaving to stand 

5 at. room temperature for approximately 10 .min to 15 min. 300 |il/well 
of anti-SeV polyclonal antibody (DN-1) prepared from rabbit, 100-fold 
diluted with PBS (-) was added to cells were hnd incubated for 45 
min at 37°C.> Then, they were washed three times with PBSt(-) and 300, • 
Hl/well of ariti -rabbit IgG(H+L) fluorescence- labeled second antibody 

10 (Alexa™568, Molecular Probes) , 200-fold diluted with PBS {-) was added 
and incubated for 45 min at 37°C. After washing with PBS (-) three 
times, the cells were observed under fluorescence microscopy 
(Emission: 560 nm, Absorption: 645 nm filters, Leica) to find 
florescent cells (Figure 40) . ; ' . ' 

15 As controls, samples described aklove (SeV/AF-GFP) were infected 

at 100 |il/well, and after 15 min 1 ml/well of MEM without serum was 
added, and after a 24 hr culture, cells were observed under fluorescence 
microscopy (Emission: 360 nm, Absorption: 470 nm filters, Leica) to 
find GFP- expressing cells, without the process after the culture. 

20 

[Example 13] Evaluation of the most suitable PLWUV (Psoralen and 
Long - Wave UV light) treatment conditions for vaccinia virus (vTF7-3) 
for increasing reconst itut ion efficiency of deficient-type Sendai 
virus vector 

25 LLC-MK2 cells were seeded onto 100 mm culture dishes at 5x 10 6 

cells/dish, and after a 24 hr culture, the cells were washed once 
with. MEM medium without serum. Then, the cells were infected with 
recombinant vaccinia virus (vTF7-3) (Fuerst, T.R. et al . , Pr.oc . Natl. 
Acad. Sci. USA 83, 8122 -8126 ( 1986 )). expressing T7 RNA polymerase at 

30 room temperature for 1 hour (moi = 2) (moi=2 to 3, preferably moi = 2 is 
used). The virus used herein, was pretreated with 0.3 to 3 |xg/ml 
psoralen and long-wave ultraviolet light (365 nm) for 2 to 20 min. 

Plasmids pSeV18 VAF-GFP , pGEM/NP , pGEM/P, and pGEM/L (Kato, A. et al . , 
Genes cells 1, 569-579 (1996)) were suspended in Opti-MEM medium 
35 (GIBCO) at ratio of 12 |ig, 4 |ug, 2 |i,g, and 4 (xg/dish, respectively. 
Then, SuperFect transfection reagent (1 |ig DNA/5 [il , Q I AG EN) was added 
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and left to stand at room temperature for 15 min and 3 ml Opt i -MEM 
medium containing 3% FBS was added. Thereafter „ the cells were washed 
twice with MEM medium without serum, and then DNA-SuperFect mixture 
was added. After a 3 hr culture, cells were washed twice with MEM 
5 • medium without serum, and cultured 4 8 hours in MEM medium containing 
40 |ig/ml cytosine (3-D-arabinof uranoside (AraC, Sigma) . Approximately 
1/20 of field of view ' in 100 mm culture dish was obserVed by a 
fluorescence microscope and GFP-expressing cells were counted. To 
test the inactivation of vaccinia virus (vTF7-3) , titer measurement 

10 by plaque formation (Yoshiyuki Nagai* et al . , virus experiment 
protocols, p291-296, 1995) was carried out; 

Further, fixing the timing of recovery after transfection to 
day 3, psoralen and UV irradiation time were examined. Using vaccinia 
virus (vTF7-3) treated with each PLWUV treatment, reconstitut ion 

15 efficiency of Sendai virus was examined. 1 Reconstitution- was carried 
out by modifying the method of Kato et al . , namely by the procedure 
described below. LLC-MK2 ce ( lls were seeded onto a 6-well microplate 
at 5x 10 s cells/well, and after an overnight culture (cells were 
considered to grow to Ix 10 6 cells/well ) , PBS washed cells were infected 

20 with diluted vaccinia virus (vTF7-3) at 2x 10 6 pfu/100 (xl calibrated 
by titer before PLWUV treatment. After a 1 hour infection, 50 jjlI of 
Opt i -MEM medium (GIBCO) was added with 1, 0.5, 1, and 4 (ig of plasmid 
pGEM/NP, pGEM/P, pGEM/L, and additional type SeV cDNA (pSeV18 + b 
(+)) (Hasan, M. K. et al . , J. General Virology 78: 2813-2820, 1997), 

25 respectively. 10 Jil SuperFect (QIAGEN) was further added and left 
to stand at room temperature for 15 min. Then, 1 ml of Opti-MEM 
(containing 40 jxg/ml AraC) was added and overlaid onto the cells. 
Cells were recovered 3 days after transfection, then centrifuged and 
suspended in 100 |al/well PBS. The suspension was diluted 10, 100, 

30 and 1000-fold and 100 (Xl of resultant cell solution was inoculated 
into embryonated chicken eggs 10 days after fertilization, using 3 
eggs for each dilution (lx 10 5 , lx 10 4 and lx 10 3 cells, respectively) . 
After 3 days, allantoic fluid was recovered from the eggs and virus 
reconstitution was examined by HA test. Eggs showing HA activity, 

35 which were inoculated with lx 10 5 cells, lx 10 4 cells and lx 10 3 cells 
scored 1, 10, and 100 point (s), respectively, to calculate 



reconstitutipn efficiency. . 

» - 

<Results> 

i 

Results df Examples 12 and 13 are shown in Figures 40 to 43, 
and Table 2. The combination of envelope expressing plasmid and cell 

5 overlay increased the reconstitut ion efficiency of SeV/AF-GFP. 
Notable improvement was obtained in d3 to-d4 (day 3 to day4) of P0 
(before subculture) (Figure 41) . In Table 2, egg^ were inoculated with 
cells 3 days after, transf ection . The highest reconstitution, • 
efficiency was obtained in day 3 when treated with 0.3 |ig/ml psoralen 
10 for 2 0 min. Thus, these conditions were taken as optimal conditions 
(Table 2) . ■ / 

Table 2 : Effect of PLWUV treatment of vaccinia virus on reconstitution 
of Sendai virus- * ' . 
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[Example 14] Preparation of LacZ- comprising, F-def icient , 
GFP-nbn-comprising Sendai virus vector 
5 Construction of F-def icient type, LacZ gene-comprising SeV vector 
cDNA> . 

To construct cDNA comprising LacZ gene at Not I restriction site 
existing at the upstream region of NP gene of pSeV18 + /AF described 
in Example 1 (pSeV (+18 :LacZ) /AF) , PCR was performed to amplify the 

10 LacZ gene. PCR was carried out by adjusting LacZ gene to multiples 
of 6 (Hausmann, S et al . , RNA 2, 1033-1045 (1996)) and using primer 
(5 ' -GCGCGGCCGCCGTACGGTGGCAACCATGTCGTTTACTTTGACCAA- 3 ' /SEQ ID NO: 
17) comprising Not I restriction site for 5' end, and primer 
( 5 ' - GCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCGTACGCTATTACTTC 

15 TGACACCAGACCAACTGGTA-3 ' / SEQ ID NO: 18) comprising transcription 
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' . termination signal of SeV (E) , intervening sequence (I) , transcription 
initiation signal (S) , and Not I restriction site for 3-' end, using 
pCMV-p (Clontech) as template . The reaction conditions were as' follows . 
50 ng pCMV-p, 200 jlM dNTP (Pharmacia Biotech) , 100 pM primerfe/ 4 U 
5 . Vent polymerase (New England Biolab) were mixed with the accompanying 
.buffer, and 25 reaction temperature cycles of 94°C 30 sec, 50°C 1 
min, 72 °C 2 min were used. Resultant products were electrbjbhoresed 
with agarose gel electrophoreses., Then,- 3.2 kb "fragment was cut out 
and digested with NotI after purification. pSeV (+18 : LacZ) /AF was 
10 obtained by ligating with NotI digesteid fragment of pSeV18+/AF. 
Conventional method> • 

LLC-MK2 cells were seeded onto lOp mm culture dish at 5x 10 6 
cells/dish, and after a 24 hour culture 1 , the cells were washed once 
with MEM medium without serum. Then, the cells were infected with 
15 recombinant vaccinia virus (vTF7 1 3) (Fuerst, T.R. et al . , • Proc . Natl. 
Acad, Sci. USA 83, 8122-8126 (1986)) expressing T7 RNA polymerase 
at room temperature for 1 hcpur (moi = 2) (moi=2 to 3, preferably moi=2 
' is used) . The virus used herein was pretreated with 3 |Jg/ml psoralen 
and long-wave ultraviolet light (365 nm) fpr 5 min. LacZ comprising, 

20 F-deficient type Sendai virus vector cDNA (pSeV{ + 18 : LacZ) AF) , pGEM/NP, 
pGEM/P, and' pGEM/L (Kato, A. et al., Genes Cells 1, 569-579 (1996)) 
were suspended in Opti -MEM medium (GIBCO) at a ratio of 12 \ig, 4 |xg, 
2.|lg, and 4 (ig/dish, respectively, 4 |ig/dish envelope plasmid pGEM/FHN 
and SuperFect transfection reagent (1 |ig DNA/5 QIAGEN) were added 

25 and left to stand at room temperature for 15 min. Then, 3 ml Opti-MEM 
medium containing 3% FBS was added and the cells were washed twice 
with MEM medium without serum, and then the DNA- SuperFect mixture 
was added. After a 3 hr culture, cells were washed twice with MEM 
medium without serum, and cultured 24 hours in MEM medium containing 

30 40jag/ml cytosine P-D-arabinof uranoside (AraC, Sigma) and 7.5 |xg/ml 
trypsin. Culture supernatant s were removed and 5 ml of suspension 
of a 100 mm culture dish of F-expressing LLC-MK2/F7 cells in MEM medium 
without serum (containing 40 fig/ml AraC and 7.5 |ig/ml trypsin) was 
overlaid onto the cells. After further a 48 hr culture, the cells 

35 and supernatants were recovered and designated as P0-d3 samples. The 
P0-d3 pellets were suspended in Opti-MEM medium (2x 10 7 cells/ml) and 
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after 3 times of f reeze-thawing, were mixed with lipofection reagent 
DOSPER (Boehringer Mannheim) (10 6 cells/25 |il DOSPER) and left to stand 
at room temperature for 15 min. Then, F- expressing LLC-MK2/F7 cells 
were transfected with the mixture (10 6 cells/well, 24 -well plate) and 
5 cultured with MEM medium without serum (containing 4 0 jo.g/ml AraC and 
7.5 |ig/ml trypsin) . The culture supernatants were recovered on day 
7, and designated as Pl-d7 samples. Furtheir, total volumes of 
supernatants were infected to F-expressing LLC-MK2/F7 cells seeded, 
onto 12 -well plates at 37°C for 1 hour. Then, after washing once with 

10 MEM medium, the cells were cultured in MEM medium without serum 
(containing 40 |ig/ml AraC and 7.5. |J,g/ml trypsin). The culture 
supernatants were recovered on day 7, and were designated as P2-d7 
samples: Further, total volumes of supernatants were infected to 
F-expressing LLC-MK2/F7 cells seeded onto 6-well plates at 37°C for 

15 1 hour. Then, after washing once wit:h MEM medium, the cells were 
cultured in MEM medium without serum (containing 7.5 |Lig/ml trypsin) . 
The culture supernatants were recovered on day 7, and were designated 
as P3-d7 • samples . Further, total volumes of supernatants were 
infected to F-expressing LLC-MK2/F7 cells seeded onto 10 cm plates 

20 at 37°C for 1 hour. Then, after washing once with MEM medium, the 
cells were cultured in MEM medium without serum (containing 40 |ig/ml 
AraC and 7.5 ^ig/ml trypsin) . The culture supernatants were recovered 
on day 7, and were designated as P4-.d7 samples. 

<Measurement of CIU by counting LacZ-expressing cells (LacZ-CIU) > 
25 LLC-MK2 cells were seeded onto 6-well piate at 2 . 5x 10 6 cells/well, 

and after a 24 hr culture, the cells were washed once with MEM medium 
without serum and infected with 1/10 fold serial dilution series of 
P3-d7 made using MEM medium at 37°C for 1 hour. Then, the cells were 
washed once with MEM medium and 1 . 5 ml MEM medium containing 10% serum 
30 was added. After a three-day culture at 37°C, cells were stained with 
p-Gal staining kit (Invitrogen) . Result of experiment repeated three 
times is shown in Figure 44. As the result of counting LacZ staining 
positive cell number, lx 10 6 ClU/ml virus was obtained in P3-d7 samples 
in any case . 

35 

[Example 15] Regulation of gene expression levels using polarity 
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effect in Sendai virus . « 

<Const ruction of SeV genomic cDNA> 

Additional NotI sites were introduced into Sendai virus (SeV) 
full length genomic cDNA, namely pSeV(+) (Kato, A. et al . , Genes to 
5 Cells 1: 569-579., 1996), in between, start .signal and ATG translation 
initiation signal of respective genes . Specifically, fragments of 
pSeV(+) digested with Sphl/Sall (2645 bp), Clal (3246 bp), and 
Clal/EcoRI (5146 bp) were separated with agarose gel electrophoreses, 
and correspohdin'g bands were cut out and then recovered and purified 

10 with QIAEXII Gel Extraction SystemDQIAGENDas shown in Figpre 45(A) . 
The Sphl/Sall digested fragment; ..Clal digested fragment, and 
Clal/EcoRI digested fragment were ligated to LITMUS38 (NEW ENGLAND 
BIOLABS )' , pBluescriptll KS + (STRATAGENE) , and pBluescript II KS + 
(STRATAGENE) , respectively, for subcloning. Qilickchange 

15 Site-Directed Mutagenesis kit (STRATAGENE) was used for successive 
introduction of NotI site£. Primers synthesized and used for each 
introduction were, sense strand: 

5 ' -ccaccgaccacacccagcggccgcgacagccacggcttcgg-3 ' (SEQ ID NO: 19), 
antisense strand: 5 1 -ccgaagccgtggctgtcgcggccgctgggtgtggtcggtgg-3 ' 

20 (SEQ ID NO: 20) for NP-P, sense strand: 

5' -gaaatttcacctaagcggccgcaatggcagatatctatag-3 ' (SEQ ID NO: 21), 
antisense strand: 5' -ctatagatatctgccattcjcggccgcttaggtgaaatttc-3 ' 
(SEQ 'iD NO: 22) for . P-M, sense strand: 

5' -gggataaagtcccttgcggccgcttggttgcaaaactctcccc-3 ' (SEQ ID NO: 23), 

25 antisense strand: 
5 ' -ggggagagttttgcaaccaagcggccgcaagggactttatccc-3 ' (SEQ ID NO: 24) 
for . M-F, sense strand: 

5' -ggtcgcgcggtactttagcggccgcctcaaacaagcacagatcatgg-3 ' (SEQ ID NO: 

25) , antisense strand: 
30 5' -ccatgatctgtgcttgtttgaggcggccgctaaagtaccgcgcgacc-3 9 (SEQ ID NO: 

26) for F-HN, sense strand: 
5 ' -cctgcccatccatgacctagcggccgcttcccattcaccctggg-3 ' (SEQ ID NO: 27) , 
antisense istrand: 
5 ' -cccagggtgaatgggaagcggccgctaggtcatggatgggcagg-3 ' (SEQ ID NO: 28) 

35 for HN-L. 

As templates, Sall/SphI fragment for NP-P, Clal fragments for 
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P-M and M-F, and Clal/EcoRI fragments for F-HN and HN-L, which were 
subcloned as described above were used, and introduction was carried 
out according to the protocol accompanying Quickchange Site-Directed 
Mutagenesis kit. R'esultants were digested again with the same en»zyme 
5 ■ used for subcloning, recovered, and purified. Then, they were 
.assembled to Sendai virus genomic cDNA. As a result, 5 kinds of genomic 
cDNA of Sendai virus (pSeV(+)NPP, pSeV( + )PM, pSeV(+)MF, pS6V(+)FHN, 
and pSeV(+)HNL) in which Not I sites are introduced between each gene 
were constructed as shown in Figure 45(B). 

10 As a reporter gene to test gene expression level, human secreted 

type alkaline phosphatase (SEAP) was subcloned by PCR. As primers, 
5' primer: 5 ' -gcggcgcgccatgctgctgctgctgctgctgctgggcctg-3 ' (SEQ ID 
NO: 29) and 3' primer: 

5 ' -gcggcgcgcccttatcatgtctgctcgaagcggccggccg-3 ' (SEQIDNO: 30) added 

15 with AscI restriction sites were ' synthesized and PCR was performed. 
pSEAP-Basic (CLONTECH) was used as template and Pfu turbo DNA 
polymerase (STRATAGENE) was used as enzyme. After PCR, resultant 
products were digested with AscI,. then recovered and purified by 
electrophoreses. As plasmid for subcloning, pBluescriptll KS+ 

20 incorporated in its NotI site with synthesized double strand DNA [sense 
strand: 

' 5 ' -gcggccgcgtttaaacggcgcgccatttaaatccgtagtaagaaaaacttagggtgaaagt 
tcatcgcggccgc-3 ' (SEQ .ID NO: 31), antisense strand: 
5 ' -gcggccgcgatgaactttcaccctaagtttttcttactacggatttaaatggcgcgccgt't 

25 taaacgcggccgc-3 ' (SEQ ID NO: 32)] comprising multicloning site 
(Pmel-Ascl-Swal ) and termination signal -intervening 

sequence-initiation signal was constructed (Figure 46) . To AscI site 
of the plasmid, recovered and purified RCR product was ligated and 
cloned. The resultant was digested with NotI and the SEAP gene fragment 

30 was recovered and purified by electrophoreses to ligate into 5 types 
of Sendai virus genomic cDNA and NotI site of pSeV18+ respectively. 
The resultant virus vectors were designated as pSeV(+)NPP/SEAP, 
pSeV(+) PM/SEAP, pSeV(+)MF/SEAP, pSeV ( + ) FHN/SEAP , pSeV ( + ) HNL/SEAP , 
and pSeV18 (+) /SEAP, respectively. 

35 <Virus reconstitution> 

LLC-MK2 cells were seeded onto 100 mm culture dishes at 2x 10 6 



cells/dish, and after 24 hour culture the cells were infected with 
recombinant vaccinia virus (PLWUV-VacT7) (Fuerst, T.R. et al . , Proc . 
Natl. Acad. Sci . USA 8 3 : 8122-8126,1986, Kato, A. et al., Genes Cells 
1: 569-579, 1996) expressing T7 polymerase . for 1 hour (moi = 2) at croorn 
5 - temperature for 1 hour, in which the virus was pretreated with psoralen 
.andUV. Each Sendai virus cDNA incorporated , with SEAP, pGEM/NP, pGEM/P, 
and pGEM/L were suspended in Opt i -MEM medium (GIBCO) at ratio of 12 

4 M-9/ 2 1^9/ an< 3 4|ig/dish, respectively, 110 |il of SuperFect 
transfection reagent (QIAGEN) was added, and left to stand at room 

10 temperature for 15 min and 3 ml Opti-MEM medium containing 3% FBS 
was added. Then, the cells were washed and DNA- SuperFect mixture was 
added. After a 3 to 5 hour culture, cells, were washed twice with MEM 
medium without serum, and cultured 72 hdurs in MEM medium comprising 
cytosine P-D-arabinof uranoside (AraC) . ' These cells were recovered 

15 and the pellets were suspended with 1 ml PBS, freeze- thawed three 
times. The 100 [il of resultant was inoculated into chicken eggs, which 
was preincubated. 10 days, an£ further incubated 3 days at 35°C, then, 
allantoic fluid was recovered. The recovered allantoic fluids were 
diluted to 10" 5 to 10~ 7 and re-inoculated to chicken eggs to make it 

20 vaccinia virus-free, then recovered similarly and stocked in aliquots 
at -80°C. 1 The virus vectors' were designated as SeVNPP/SEAP, 
' SeVPM/SEAP, SeVMF/SEAP, SeVFHN/SEAP, SeVHNL/SEAP, and SeV18/SEAP. 
<Titer measurement by plaque assay> 

CV-1 cells were seeded onto 6-well plates at 5x 10 5 cells/well 

25 and cultured for 24 hours . After washing with PBS , cells were incubated 
1 hour with recombinant SeV diluted as 10" 3 , 10" 4 , 10~ 5 , 10* 6 and 10" 7 
by BSA/PBS (1% BSA in PBS) , washed again with PBS, then overlaid with 
3 ml/well of BSA/MEM/agarose (0.2% JBSA + 2x MEM , mixed with equivalent 
volume of 2% agarose) and cultured at 37°C, 0.5% C0 2 for 6 days. After 

30 the culture, 3 ml of ethanol/acet ic acid (ethanol : acetic acid=l:5) 
was added and left to stand for 3 hours, then removed with agarose. 
After washing three times with PBS, cells were incubated with rabbit 
anti-Sendai virus antibody diluted 100-folds at room temperature for 
1 hour. Then, after washing three times with PBS, cells were incubated 

35 with Alexa Flour™ labeled goat anti rabbit Ig(G+H) (Molecular Probe) 
diluted 200-folds at room temperature for 1 hour. After washing three 
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t 

times with PBS, fluorescence images were obtained by lumino- image 

analyzer LAS1000 (Fuji Film) and plaques were measured. Results are 

i 

shown in Figure 47. In addition, results of titers obtained are shown 
in Table 3 . 

5 

Table 3 : Results of titers of each recombinant Sendai virus measured 
from results of plaque assay 



Recombinant virus Titer (pfu/mi) 



SeV18/SEAP 


3.9X109 


SeVNPP/SEAP 


4.7X108 


SeVPM/SEAP 


3.8X109 


SeVMF/SEAP , 


1.5X1010 


SeVFHN/SEAP 


7.0X109 , 


SeVHNL/SEAP 

» 


7.1X109 



10 

<Comparison of reporter gene expression> 

LLC-MK2 cells were seeded onto a 6 -well plate at 1 to 5x 10 5 
cells/well 'and after a 24 hour culture, each virus vector was infected 
at moi=2 . After 24 hours, 100 (il of culture supernatants was recovered 

15 and SEAP assay was carried out. Assay was accomplished with Reporter 
Assay Kit -SEAP- (Toyobo) and measured by lumino- image analyzer 
LAS1000 (Fuji Film) . The measured values were indicated as relative 
values by designating value of SeVT8 + /SEAP as 100. As a result, SEAP 
activity was detected regardless of the position SEAP gene was inserted, 

20 indicated in Figure 48. SEAP activity was found to decrease towards 
the downstream of the genome, namely the expression level decreased. 
In addition, when SEAP gene is inserted in between NP and P genes, 
an intermediate expression level was detected, in comparison to when 
SEAP gene is inserted in the upstream of NP gene and when SEAP gene 

25 is inserted between P and M genes. 



[Example 16] Increase of propagation efficiency of deficient SeV by 



double deficient AF-HN overlay method 

Since the SeV virus reconst itut ion method used now utilizes a 
recombinant vaccinia virus expressing T7 RNA polymerase (vTF7-3) , 
a portion of the irif ected cells is killed by the cytotoxicity of the 
5« vaccinia virus. In addition, virus propagation is possible only in 
.a portion of cells and it is preferable if virus propagation could 
be done efficiently and persistently in a. more cells. Hotoiver, in 
the case of paramyxovirus, cell fusion occurs when F and HN protein 
of the same kind virus exists on the cells surface at the same time, 

10 causing syncytium formation (Lamb and Kolakofsky, 1996, Fields 
virology, pll89) . Therefore ,, FHN co- expressing cells were difficult 
to subculture. Therefore, the inventprs thought that recovery 
efficiency of deficient virus may increa'se by overlaying helper cells 
expressing deleted protein (F and HN) to the reconstituted cells. 

15 By examining overlaying cells with different times of FHN expression, 
virus recovery efficiency of FHN co-deficient virus was notably 
increased. t 

LLC-MK2 cells ( lx 10 7 cells/dish) grown to 100% confluency in 
10 cm culture dishes was infected with PLWUV-treated vaccinia virus 

20 at moi=2 for 1 hour at room temperature. After that, mixing 12 (ig/10 
cm dish, 4 |ig/10 cm dish, 2 |ig/10 cm dish, 4 |xg/10 cm dish, and 4 |Ltg/10 
cm dish of FHN-def icient cDNA comprising d2EGFP (pSeV18 + /AFHN-d2GFP 
(Example 8)), pGEM/NP, pGEM/P, pGEM/L, and pGEM/FHN, respectively 
(3 ml/lOcm dish as final volume) , and using gene introduction reagent 

25 SuperFect (QIAGEN) , LLC-MK2 cells were introduced with genes using 
a method similar to that as described above for the reconstitut ion 
of F-def icient virus. After 3 hours, cells were washed three times 
with medium without serum, then, the detached cells were recovered 
by slow- speed centrif ugation (1000 rpm/2 min) and suspended in serum 

30 free MEM medium containing 40 |ag/ml AraC (Sigma) and 7 .5 (ig/ml trypsin 
(GIBCO) and added to cells and cultured overnight. FHN co-expressing 
cells separately prepared, which were 100% confluent 10 cm culture 
dishes, were induced with adenovirus AxCANCre at MOI=10, and cells 
at 4 hours, 6 hours, 8 hours, day 2, and day 3 were washed once with 

35 5 ml PBS(-) and detached by cell dissociation solution (Sigma) . Cells 
were collected by slow speed centrif ugation (1000 rpm/2 min) and 
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suspended- in serum free MEM medium containing 40 (ig/ml AraC (Sigma) 
and 7 . 5 jig/ml trypsin (GIBCO) . This was then added to cells in which 
FHN co-deficient virus was reconstituted (P0) and cultured overnight . 
Two days after overlaying the cells, cells were observed 'using 
5 • fluorescence microscopy to confirm the spread of virus by . GFP 
.expression within the cells . The result sarp shown in Figure 49 . When 
compared to the conventional case (left panel) without, overlaying 
with cells , notably more GFP-expressing cells were observed when cell's 
were overlaid with cells (right). These cells were recovered, 

10 suspended with 10 7 cells/ml of Opt i -MEM medium (GIBCO) and 
f reeze-thawed for three times to prepare a cell lysate. Then, FHN 
co-expressing cells 2 days after induction were infected with the 
lysate at 10 6 cells/100 |xl/well, and cultured 2 days in serum free 
MEM medium containing 40 (ig/ml AraC (Sigma) and 7 . 5 jxg/ml trypsin 

15 (GIBCO) at 37°C in a 5% C0 2 incubator, and the virus titer of culture 
supernatant of PI cells were.measured by CIU-GFP (Table 4 ) . As a result , 
no virus amplification effect^ was detected 4 hours after FHN induction, 
and notable amplification effects were detected 6 hours or more after 
induction due to cell overlaying. Especially, viruses released into 

20 PI cell culture supernatant were 10 times more after 6 hours when 
cell overlaying was done compared to when cell overlaying was not 
1 done . 

i . ■ 

Table 4: Amplification of deficient SeV by double deficient AF -*HN 
25 cell overlaying method 



GFP -CIU 




xl0 3 /ml 


FHNcell+ad/cre 


FHN cell- 


4h 


6h 8h 2d 3d 


8-10 


6-9 


80-100 70-100 60-100 20-50 



[Example 17] Confirmation of pseudotype Sendai virus's possession 
of F-deficient genome 



I 
I 
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Western analysis of proteins of extracts of infected cells was 

carried .out to confirm that the virus propagated by VSV-G gene 

i 

expression described above- is F-deficient type. As a result, proteins 
derived from Sendai virus were detected, .whereas F protein was not 
5 detected, confirming that the virus is F-deficient type (Figure 50) . 

[Example 18] Effect of anti-VSV antibody oh infectiousness of 
pseudotype' Sendai virus comprising F and HN gene-deficient genome, • 
To firid out whether pseudotype Sendai virus comprising F and 

10 HN. gene-deficient genome, which was obtained by usjing VSV-G 
expressing line, comprises VSV-G protein in its capsid, neutralizing 
activity of whether or not infectiousness is affected was examined 
using ariti-VSV antibody. Virus solution and antibody were mixed and 
left to stand for 30 min at room temperature. Then, LLCG^L'l cells 

15 in which VSV-G. expression has not been induced were infected with 
the mixture and gene -introducing capability on day 4 was analyzed 
by the existence of GFP-expressing cells. As a result, perfect 
inhibition of infectiousness was seen by anti-VSV antibody in the 
pseudotype Sendai virus comprising F and HN gene-deficient genome 

20 (VSV-G in the Figure) , whereas no inhibition was detected in Sendai 
virus comprising proper capsid (F, HN in the Figure) (Figure 51) . 
Thus, the Virus obtained in the present • example was proven to be 
pseudotype Sendai virus comprising VSV-G protein as its capsid, and 
that its infectiousness can be specifically inhibited by the antibody. 

25 

[Example 19] Purification of pseudotype Sendai viruses comprising 
F gene-deficient and F and HN gene-deficient genomes by density 
gradient ultracentrif ugat ion 

Using culture supernatant of virus infected cells, sucrose 

30 density gradient centrif ugation was carried out, to fractionate and 
purify pseudotype Sendai virus comprising deficient genomes of F gene 
and F and HN genes. Virus solution was added onto a sucrose solution 
with a 20 to 60% gradient, then ultracentrif uged for 15 to 16 hours 
at 29000 rpm using SW41 rotor (Beckman) . After ultracentrif ugat ion, 

35 a hole was made at the bottom of the tube, then 3 00 )il fractions were 
collected using a fraction collector. For each fraction, Western 



analysis were carried out to test that the virus is a pseudotype Sendai 
virus comprising a genome deficient in F gene or F and HN genes, and 
VSV-G protein as capsid. Western analysis- was accomplished by the 
method as described above. As a result, in F-deficient pseudotype 
5- Sendai virus, proteins derived from the Sendai virus, HN protein, 
.and VSV-G protein were detected in the same f (Taction, whereas P protein 
was not detected, confirming that it is a F-deficient pseudotyp'e Sendai 
virus, i On the other hand, in F and HN-deficient pseudotype Sendaii 
virus, proteins derived from S.endai virus, and VSV-G protein were 
10 detected in the same fraction, whereas F and HN protein was not detected, 
confirming that it is F and HN deficient pseudotype Sendai virus (Figure 
. 52) . 

f 

[Example 20] Overcoming of haemagglut ination by pseudotype Sendai 
15 virus comprising F gene-deficient and F and HN gene-deficient genomes 
LLC-MK2 cells were infected with either pseudotype Sendai virus 
comprising F gene-deficient^ or F and HN gene-deficient genome, or 
Sendai virus with normal capsid, and on day 3, 1% avian red blood 
cell suspension was added, and left to .stand for 30 min at 4°C. 
20 Thereafter, cell surface of infected -cells expressing GFP were 
observed. As a result, for virus with F gene-deficient genome and 
F-deficient pseudotype Sendai virus (SeV/AF, and pseudotype 
SeV/AF (VSV-G) by VSV-G) , agglutination reaction was observed on the 
surface of infected cells, as well as for the Sendai virus with the 
25 original capsid. On the other hand, no agglutination reaction was 
observed on the surface of infected cells for pseudotype Sendai virus 

comprising F and HN gene-deficient genome (SeV/AF-HN (VSV-G) ) (Figure 
53) . 

30 [Example 21] Infection specificity of VSV-G pseudotype Sendai virus 
comprising F gene-deficient genome to cultured cells 

Infection efficiency of VSV-G pseudotype Sendai virus 
comprising F gene-deficient genome to cultured cells was measured 
by the degree of GFP-expressing in surviving cells 3 days after 

35 infection using flow cytometry . LLC-MK2 cells showing almost the same 
infection efficiency in pseudotype Sendai virus comprising F 
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gene-deficient genome and Sendai virus with original capsid were used 
as controls for comparison. As a result, no difference in infection 
efficiency was found in human ovary cancer HRA cells, whereas in Jurkat 
cells of T cell linkage about 2-fold increase in infection efficiency 
5 ■ of VSV-G pseudotype Sendai virus comprising F gene-deficient genome 

.was observed compared to controls (Figure 54) . 

1 . .t 

■ i 

[Example 22] Construction of F-deficient type Sendai virus vector 
comprising NGF 

10 <Reconstitution of NGF/SeV/AF> < 

Reconstitution of NGF/SeV/AF was accomplished according to the 
above described "Envelope plasmid + F-expressing cells overlaying 
method". Measurement of titer was accomplished by a method using 
anti-SeV polyclonal antibody. 

15 <Conf irmation of virus genome of NGF/S'eV/AF (RT-PCR) > • 

To confirm NGF/SeV/AF virus genome (Figure 55, upper panel) , 
culture supernatant recovered from LLC-MK2/F7 cells were centrifuged, 
and RNA was extracted using QIAamp Viral RNAmini kit DQIAGENDaccording 
to the manufacturer's, protocol. Using the RNA template, synthesis 

20 and PCR of RT-PCR was carried out using SUPERSCRIPT™ ONE-STEP™ RT-PCR 
SYSTEM (GIBCO BRL) . As control' groups, additional type SeV cDNA 
1 (pSeV18 + b ( + ) ) (Hasan, M. K. et al . , J. General Virology 78 : 2813-2820, 
1997) was used. NGF-N and NGF-C were used as PCR primers. For NGF-N, 
forward: ACTTGCGGCCGCCAAAGTTCAGTAATGTCCATGTTGTTCTACACTCTG (SEQ 'ID 

25 NO: 33), and for NGF-C, reverse: 

ATCCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGTCAGCCTCTTCTTGTAGC 
CTTCCTGC (SEQ ID NO: 34) were used. As a result, when NGF-N and NGF-C 
were used as primers, an NGF specific band was detected for NGF/SeV/AF 
in the RT conditions. No band was detected for the control group 

30 (Figure 55, bottom panel) . 

[Example 23] NGF protein quantification and measurement of in vitro 
activity expressed after infection of F-deficient type SeV comprising 
NGF gene 

35 Infection and NGF protein expression was accomplished using 

LLC-MK2/F or LLC-MK2 cells grown until almost confluent on culture 
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plates of diameter of 10 cm or 6 cm. NGF/SeV/AF and NGF/SeV/AF-GFP 
were infected to LLC-MK2/F cells, arid NGF/SeV and GFP/SeV were infected 
to LLC-MK2 cell's at m.o.i 0.01, and cultured 3 days with MEM medium 
without serum, containing 7.5 |ig/ml trypsin (GIBCO) . After the 3 day 
5 culture, in which almost 100% of cells are infected, medium was changed 
to MEM medium without trypsin and serum and further cultured for 3 
days. Then, each culture supernatant* were recovered and centrifuged 
at 48,000x g for 60 min. Then, quantification of NGF protein and, • 
measurement 'of in vitro activity for the ; supernatant were carried 

10 out. Although in the present examples, F-def icient , type SeV 
(NGF/SeV/AF, NGF/SeV/AF-GFP) ( see Figure 55 ) are infected to LLC-MK2/F 
cells, if infected with a high m . o . i . (e.g. lor 3), namely, infected 
to cells'that are nearly 100% confluent from the beginning, experiment 
giving similar results can be performed using F non-expressing cells. 

15 For NGF protein quantification, ^LISA kit NGF Emax Immuno Assay 

System (Promega) and the accompanying protocol were used. 32.4 jig/ml , 
37 .4 jig/ml, and 10 . 5 Jig/ml of NGF protein were detected in NGF/ SeV/ AF , 
NGF/SeV/AF-GFP, and NGF/SeV infected cell culture supernatant, 
respectively. In the culture supernatant of NGF/SeV/AF and 

20 NGF/SeV/ AF-GFP infected cells, high concentration of NGF protein 
exists, similar to culture supernatant of NGF/SeV infected cells, 
confirming 'that F-def icient type SeV expresses enough NGF. 

The measurement of in vitro activity of NGF protein was 
accomplished by using a dissociated culture of primary chicken dorsal 

25 root ganglion (DRG; a sensory neuron of chicken) , which is sensory 
neuron of a chicken, using survival activity as an index (Nerve Growth 
Factors (Wiley, New York) , pp. 95-109 (1989)) . Dorsal root ganglion 
was removed from day 10 chicken embryo, and dispersed after 0.25% 
trypsin (GIBCO) treatment at 37°C for 20 min. Using high-glucose D-MEM 

30 medium containing 100 units/ml penicillin (GIBCO) , 100 units/ml 
streptomycin (GIBCO) , 250 ng/ml amphotericin B (GIBCO) 20 jLLM 
2-deoxyuridine (Nakarai), 20 \lM 5-f luorodeoxyuridine (Nakarai) , 2 
mM L-glutamine (Sigma) , and 5% serum, cells were seeded onto 96-well 
plate at about 5000 cells/well. Polylysin precoated 96-well plates 

35 (Iwaki) were further coated with laminin (Sigma) before use. At the 
start point, control NGF protein or previously prepared culture 
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supernatant ^fter SeV infection was added. After 3 days, cells were 

observed. under a microscope as well as conducting quantification of 

surviving eel Is ■ by adding Alamer blue (CosmoBio) and using the 

reduction activity by mitochondria as an index (measuring 590 nm 

5 fluorescence/ with 530 nm excitation) ..' Equivalent fluorescence 
i - » 
signals were' obtained in control (without". NGF addition) and where 

1/1000 diluted culture supernatant of c^lls infected with 

SeV/additibnal-type-GFP (GFP/SeV) was added, whereas the addition, 

of 1/1000 diluted culture supernatant* .of cells infected with 

10 NGF/SeV/AF, NGF/SeV/AF-GFP , and NGF/ SeV caused a notably increase 
in fluorescence intensity, and was judged as comprising a high number 
of surviving cells and survival activity (Figure 56) . The value of 
effect Was comparable to the addition of amount of NGF protein 
calculated from EL ISA . Observation under a microscope' proved a 

15 similar effect.. Namely, by adding culture supernatant of cells 
infected with NGF/SeV/AF, NGF/SeV/AF-GFP, and NGF/ SeV, an increase 
in surviving ceils and notable neurite elongation was observed (Figure 
57) . Thus', it was confirmed that NGF expressed after infection of 
NGF -comprising F-deficient type SeV is active form. 

20 

[Example 24] Detailed analysis of F-expressing cells 

1. moi and induction time course of Adeno-Cre 

By' using different moi of Adeno-Cre, LLC-MK2/F cells were 
infected and after induction of F protein, the amount of protein 

25 expression and the change in cell shape were analyzed. 

Expression level was slightly higher in moi=10 compared with 
moi = l (Figure 58) . When expression amounts were analyzed at time 
points of 6 h, 12 h, 24 h, and 48 h after induction, high expression 
level of F protein at 48 h after induction was detected in all cases. 

30 In addition, changes in cell shape were monitored in a time course 

as cells were infected with moi = l, 3, 10, 30, and 100. Although a 
notable difference was found up to moi = 10, cytotoxicity was observed 
for moi=30 or over (Figure 59) . 

2 . Passage number 

35 After induction of F protein to LLC-MK2/F cells using Adeno-Cre , 

cells were passaged 7 times and expression level of F protein and 
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the morphology of the cells were analyzed using microscopic 
observation. On the other hand, laser microscopy was used f or analysis 
of intracellular localization of F protein af ter induction of Fprotein 
in cells passaged until the 20 th generation. • • 

5 • For laser microscopic observation, LLC-MK2/F cells induced with 

.F protein expression were put into the chamber glass and after overnight 
culture, media were removed and washed once with PBS, then f ixed with 
3.7% Formalin-PBS for 5. min. Then after washing cells once with PBS, 
cells were treated with 0.1% Triton X100-PBS for 5 min, and treated 

10 with anti-F protein monoclonal antibody (y-236) (1/100 dilution) and 
FITC labeled goat anti -rabbit IgG antibody (1/200 dilution) in this 
order, and finally washed with PBS and observed with a laser microscope . 

As a result, no difference was found in F protein expression 
levels in cells passaged up to 7 times (Figure 60) . No notable 

15 difference was observed in morphological change, infectiousness of 
SeV, and productivity. On the other hand, when cells passaged up to 
20 times were analyzed for intracellular localization of F protein 
using the immuno- antibody method, no big difference was. found up to 
15 passages, but localization tendency of ( F protein was observed in 

20 cells passaged more than 15 times (Figure 61) . 

Taken together, cells before 15 passages are considered 
1 desirable for the production of F-deficient SeV. 

[Example 25] Correlation between GFP-CIU and anti-SeV-CIU 
25 Correlation of the results of measuring Cell-Infected Unit (CIU) 

by two methods was analyzed. LLC-MK2 cells were seeded onto a 12 -well 
plate at 2x 10 5 cells/dish, and after a 24 hour culture, cells were 
washed once with MEM medium without serum, and infected with 100 (il/well 
SeV/AF-GFP. After 15 min, 1 ml/well serum-free MEM medium was added 
30 and further cultured for 24 hours . After the culture , cells were washed 
three times with PBS (-) and dried up (left to stand for approximately 
10 to 15 min at room temperature) and 1 ml/well acetone was added 
to fix cells and was immediately removed. Cells were dried up again 
(left to stand for approximately 10 to 15 min at room temperature) . 
35 Then, 300 (Xl/well of anti -SeV polyclonal antibody (DN-1) prepared 
from rabbits and diluted 1/100 with PBS ( - ) was added to cells and 
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incubated at ,37°C for 4 5 min and washed three times with PBS(-) . Then, 

to the cells, 300 fil/well of anti-rabbit IgG (H+D) fluorescence- labeled 

second antibody, (Alex™ 568, Molecular Probes) diluted 1/200 with 

PBS(-) was added, and incubated at 37°C for 45 min and washed three 

5 times with PBS(-) . Then, cells, wit.h f luorescence were observed under 
i • 
fluorescence', microscopy (Emission: 560 nm, Absorption: 645 nm, 

Filters: Leica) . 1 

As a control, cells were infected with 100 |il/well of SeV/AF-GFP, • 
and after 15 miri, 1 ml/well of MEM without serum was added. After 
10 a further 24 hour culture, GFP-expressing cells were observed under 
fluorescence microscopy (Emission : , 360 . nm, Absorption: 470 nm, 
Filters: Leica) without further manipulations. 

A Good correlation was obtained by evaluating the fluorescence 
intensity by quantification (Figure 62).' 1 , 

15 ' ' .". 

[Example 26] Construction 'of multicloning site 

A multicloning site was added to the SeV vector. The two methods 
used are listed below. 

1. Several restriction sites in full-length genomic cDNA of Sendai 
20 virus (SeV) and genomic cDNA of pSeV18 + were disrupted, and another 

restriction site comprising the restriction site disrupted was 
introduced .'in between start signal and ATG translation initiation 
signal o'f each gene. . 

2. Into already constructed SeV vector cDNA, multicloning site 
25 sequence and transcription initiation signal - intervening sequence- 
termination signal were added and incorporated into NotI site. 

In the case of method 1, as an introducing method, EagI -digested 
fragment (2644 bp), Clal-digested fragment (3246 bp), 
Clal/EcoRI -digested fragment (5146 bp) , and EcoRI -digested fragment 

30 (5010 bp) of pSeV18 + were separated by agarose electrophoreses and 
the corresponding bands were cut out, then it was recovered and purified 
by QIAEXII Gel Extraction System (QIAGEN) . EagI -digested fragment 
was ligated and subcloned into LITMUS 3 8 (NEW ENGLAND BIOLABS) and 
Clal-digested fragment, Clal/EcoRI -digested fragment, and 

35 EcoRI -digested fragment were ligated and subcloned into pBluescript II 
KS+ (STRATAGENE) . Quickchange Site-Directed Mutagenesis kit 
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(STRATAGENE), was used for successive disruption and introduction 1 of 
restriction sites. 

For disruption of restriction sites, Sal I: (sense strand) 
5' -ggagaagtctcaacaccgtccacccaagataatcgatcag-3 ' (SEQ ID NO: 35), 
5 (antisense strand) 5' -ctgatcgatt^tcttgggtggacggtgttgagacttctcc-3 ' 
(SEQ ID', NO: . 36), § Nhe 'i: (sense strand) 

5' -gtatatgtgttcagttgagcttgctgtcggtctaaggc-3 ' 1 (SEQ ID NO: 37), 
(antisense • strand) . 5 ' -gccttagaccgacagcaagctcaactgaacacatatac-3 ' , 
(SEQ ID* 'NO: 3-8), Xho ' ' I : (sense strand) 

10 5' -caatgaactctctagagaggctggagtcactaaagagttacctgg-3 ' (SEQ ID NO: 39) , 
(antisense • , strand) 

5' -ccaggtaactctttagtgactccagcctctctagagagttcattg-3 ' (SEQ ID NO: 40) , 
and fot introducing restriction sites, NP-P: (sense strand) 
5' -gtgaaagttcatccaccgatcggctcactcgaggccacacccaaccccaccg-3 ' (SEQ ID 
15 NO: 41), (antisense strand) 

5' -cggtggggttgggtgtggcctcgagtgagccgatcggtggatgaactttcac-3 ' (SEQ ID 
NO: 42), P-M: (sense strand) 

5 ' -cttagggtgaaagaaatttcagctagcacggcgcaatggcagatatc-3 ' (SEQ ID NO: 

43) , (antisense strand) 
20 5' -gatatctgccattgcgccgtgctagctgaaatttctttcaccctaag-3 ' (SEQ ID NO: 

44) , M-F: (sense strand) 
5.' -cttagggAtaaagtcccttgtgcgcgcttggttgcaaaactctcccc-3 ' (SEQ ID 
NO:45), ' (antisense strand) 
5 ' -ggggagagttttgcaaccaagcgcgcacaagggactttatccctaag-3 9 (SEQ ID NO: 

25 46), F-HN: (sense strand) 

5 ' -ggtcgcgcggtactttagtcgacacctcaaacaagcacagatcatgg-3 ' (SEQ ID 
NO:47), (antisense strand) 

5' -ccatgatctgtgcttgtttgaggtgtcgactaaagtaccgcgcgacc-3 ' (SEQ ID 
NO:48), HN-L: (sense strand) 

30 5' -cccagggtgaatgggaagggccggccaggtcatggatgggcaggagtcc-3 ' (SEQ ID 
NO: 49),- (antisense strand) 

5' -ggactcctgcccatccatgacctggccggcccttcccattcaccctggg-3 ' (SEQ ID 
NO: 50) , were synthesized and used for the reaction. After 
introduction, each fragment was recovered and purified similarly as 

35 described above, and cDNA were assembled. 

In the case of method 2, (sense strand) 
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5 ' -ggccgcttaattaacggtttaaacgcgcgccaacagtgttgataagaaaaacttagggtga 
aagttcatcac-3 ' (SEQ ID NO: 51), .(antisense strand) 
5 ' -ggccgtgatgaactttcaccctaagtttttcttatcaacactgttggcgcgcgtttaaacc 
gttaattaagc-3 ' (SEQ ID NO: 52), were synthesized, and 'after 
5- phosphorylation, annealed by 85°C 2 min, 65°C 15 min, 37°C 15 min, 
,and room temperature 15 min to incorporate into SeV cDNA . 
Alternatively , multicloning sites of pUC18 or .pBluescriptll', or the 
like, are subcloned by PGR using primers comprising termination signal 
- intervening sequence - initiation signal and then incorporate the 
10 resultant into SeV cDNA. The virus reconst itut ion by resultant cDNA 
can be performed as described above. 

Industrial Applicability ' 

The present invention provides envelope gene -deficient viral 

15 vectors of Paramyxoviridae . The present invention establishes a 
practical, novel, envelope gene-deficient vector system based on a 
negative -strand RNA virus for the first time. The achievement in 
recovering infectious deficient virus particles from F gene-deficient , 
FHN gene-deficient genomic cDNA using helper cells, paved the way 

20 for the research and development of novel vectors for gene therapy, 
taking advantage of the excellent characteristics of the Sendai virus . 
The deficient type Sendai virus vector in the present invention is 
capable of introducing a gene into various cell types with an extremely 
high efficiency and expressing the exogenous gene at a phenomenally 

25 high level. Furthermore, the vector is expressed in infected cells 
persistently, and is a highly safe vector that completely lacks the 
capability to cause virus propagation, since it does not release 
secondary infectious, virus particles. 



' CLAIMS 

1. A virus vector of Paramyxoviridae comprising a complex comprising 
(a) a paramyxovirus -derived negative -strand single -stranded RNA 

5 modified not to. express at least, one envelope protein of viruses 

♦ 1 
belonging to', Paramyxoviridae , and (b) a protein that binds to said 

negative -strand single- stranded RNA.' 1 

2. The vector according to claim 1, wherein the negative-strand, 
single-strarided 'RNA expresses NP protein; : P protein, and L protein, 

10. and is modified not to express F protein and/or HN protein. 

3. The vector according to claim 1 or 2, comprising at' least one of 
the envelope proteins whose expression was suppressed in the modif ied 
negative'- strand single-stranded RNA. 

4. A vector according to any one of claims 1 to 3, comprising VSV-G 
15 protein. 1 

5. A vector according to ' any one of claims 1 to 4, wherein the 
negative -strand single -stranded RNA is derived from Sendai virus. 

6. A vector . according to any one of claims 1 to 5, wherein the 
negative -strand single -stranded RNA further encodes an exogenous 

20 gene . , 

7. A DNA encoding negative-strand single-stranded RNA comprised in 
a. vector according to any one of claims 1 to 6, or the complementary 
strand the reof ... • 

8. A method for producing a vector according to any one of claims 
25 1 to 6, comprising the following steps of: 

(a) expressing vector DNA encoding a paramyxovirus -derived 
negative -strand single-stranded RNA modified not to express at least 
one envelope protein of Paramyxoviridae viruses, or the complementary 
strand, by introducing into cells expressing the envelope protein, 
30 (b) culturing said cells, and, 

(c) recovering the virus particles from the culture supernatant. 

9. A method for producing a vector according to any one of claims 
1 to 6, comprising the steps of, 

(a) introducing, a complex comprising a paramyxovirus -derived 
35 negative-strand single-stranded RNA modified not to express at least 
one envelope protein of Paramyxoviridae viruses, and a protein binding 
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1 1 , . ' 

to said .negative -strand single- stranded RNA, into cells expressing 
said envelope protein, 

(b) culturing £aid cells, and, 

(c) recovering virus particles from the culture supernatant. 

5 10. The method according' to clain\ 8 .or 9„ wherein the cell culture 
in (b) is a 'co-culture with cells expressing envelope proteins. 

11. The method according to claim 8 or 9, wher'ein cells expressing 
envelope proteins are, overlaid to said cellis in cell culture in (b) 

12. A method' acc6rding to any one of claims. 8 to 11, wherein at least 
10 one envelope protein expressed by cells is identical to at; least one 

envelope protein whose expression is* suppressed in the negative -strand 
single-stranded RNA described above. 

13. A method according to any one of claims 8 to 12, wherein at* least 
one envelope protein expressed by the cells is VSV-G pr6teln. 
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ABSTRACT 

F gene-deficient virus virions are successfully recovered by 
using an F gene-deficient Sendai virus genomic cDNA. Furthe«r, F 
5. gene-deficient infectious viral particles are successfully 
.constructed by using F-expressing cells as helper cells . Also, F gene 
and HN gene-deficient virus virions are successfully recovered by 
using a-virus genomic cDNA deficient in both F gene and HN gene . Further, 
F gene and HN gene-deficient infectious viral particles are 

10 successfully produced by using F- and HN-expressing cells as helper 
cells. A virus deficient in F gene and HN gene and having F protein 
is constructed by using F-expressing cells as helper cells . Further, 
a VSV-G pseudo type virus is successfully constructed by using 
VSV-G-expressing cells . Techniques for constructing these deficient 

15 viruses contribute to the development of vectors of Paramyxoviridae 
usable in gene therapy. , 
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Virus virions defective in F gene are successfully collected by using a Sendai virus genomic cDNA with deletion of F gene. Further, 
infectious viral particles defective in F gene are successfully constructed by using F-expression cells as helper cells. Also, virus virions 
defective in F gene and HN gene are successfully collected by using a virus genomic cDNA with deletion of both of F gene and HN gene. 
Further, infectious viral particles defective in F gene and HN gene are successfully produced by using F- and HN-expression cells as helper 
cells. A virus being defective in F gene and HN gene and having F protein is constructed by using F-expression cells as helper cells. 
Further, a VSV-G pseudo type virus is successfully constructed by using VSV-G-expression cells. Techniques for constructing these 
defective viruses contribute to the development of vectors of Paramyxoviridae usable in gene therapy. 
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mmm 

tem^-m • '• • •'• • • . 

~f%> (Lamb,R.A. & Kolakofsky,D. , Paramyxoviridae: the viruses and their 
replication, in Fields Virology, 3rd edn, (Edited by B.N. Fields, D.M. Knipe 
& P.P Howley) pp.ll77-1204(Philadelphia, Lippincott-Raven. (1996)) 0 Ztl 

£RNA»^;i/;* £^-Xtc Lfe-<^^-©l8^ASpj^^^ Doo&£ 0 £E*»;t 
RNA-j? ^ ;ux (ii^ v £ #gilt£;>7 £ ^ U 3ifK^?&^ffl ^ * - £: L 
T©^^^-^ 'JrY # s ^ig£tl£ (Roberts, A. & Rose, J. ,K. , Virology 
247,1-6 (1998); Rose, J., Proc. Natl. Acad. Sci. USA 94, 14998-15000 (1996); 
Palese, P. et. al., Proc. Natl. Acad. Sci. USA 93, 11354-11358 (1996))o 
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ribonucleoprotein complex; RNP) 0^f'#fib, 7°^ ^i^RNA^V Jl<Xiz% hfi 
2> ct -5 &>mRNAs#*B1flft&*£©;7-V ARMi^ -f 7'J *V X A©RNP^\© 

A )V X & g m ©RNA# >; y ^ — fc? £ # o T & (9 > RNPit ft: ^iSClt-i?^;^ 
mRNA©e^*fett^^;i/^yy A©^^fTOo^*1-^^C^lZ^^±X^RNA 
(nsRNA) ^^;W^i±m±^J3S©«Mtr©^Jt5gb^ DNA7 ^-X£gf£&l^c 
fe^fe^©^^ (integration)f££ec £&i^ 0 5fC(±RNAP±©*@|5];|l<fr^ 

* & nr w ta en e> ©t£ ® « v ± * urna ^ f © jfe^^ ^ 

*ftW%t>lt*JJ9- A XISRNA'W )ix (Dtp T* << £f ^X (Sendai 
virus; SeV) Wigbttfeo SeV«#^g0^^ t7i RNA^;i/XT-, =• 
&Vt?<i ;i/X (paramyxovirus) Mil U> murine parainfluenza virus©— MT*& 

Sod©'i7'Y;i/x(i-o©jn>^D— y^ZMTrSbZ^-^yfr^—y-y «{ 

"p^—V—M (hemagglutinin-neuraminidase; HN) t 7 a — 3 '>;l#ff ( 
fusion protein; F) ^^ l tf|ittll;gf % Jli^^CU ^^t^^ 
©RNA^U^7--lfi:U^^^b^-XD^^> (RNP) «-£#:© MT~&&t 6 RNA 
iA^lffllSMf-Mai L^ ^CT^-T ^X©mRNA©^^7>"yy A©itM^ff -5 
(Bitzer, M. et al., J. Virol. 71(7):5481-5486, 1997) c t> 4 )lX^>^n — 

7m&mm%®(Dm^mmm& (f 0 ) tit^n, h'j7y>cj:5^> 
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W&ftm (proteolytic cleavage) X Fl t F2 lzM%l£ti (Kido, H. etal., 
Biopolymers (Peptide Science) 51(l):79-86, 1999)< fe&mm&ntte DMm 

fcs' ^^mmW (Z strain) t,#g|£nT:fe 0 , gMit^SIf L 

^^fe(iii§p-eio 9 ~" pfu/mi^^a^v^^-f ^-*^t. SaSfi&^bfe^^ 

^-f ^flRNA^7-r — ©cDNAfr £©ll|K>;*^A©it»"^-fe >**-f *>-T ^ 

;*©«^tt#l;:m^3#J$&¥£^UT^£o 'MSfe^^iAlfciMx.S 

C(DJ;o(C,y'^^-X IBRNA * ^ ttitfc^* A^ * * - £ # < ©#l j££ 

$>2>o l*>u zti£xjfom^mt£^>^v-7°&fci L &mm'f; a&^—ziz 
Ltz^t *-ommz£tzm#iisX^te^o 

*$&WlZs ^>^u — 7&te^*X.MlstzS^ % Z V 4 # — 

l£*f&££:<> mfe^-femzX QMLtz^^ X>?W4)W*9 9 — *:m%k't 
LTa»AL£cDNA£fln^-te>y^ «W ;U*©F^6 ^^MT ZMfem 
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t ' 1 

1 ' . - • ' 

I 

«Uft*S*Cfc7y h©#^«, primitive&v£*<DiM#afflj§& > b' 
Ltzo ^e>(-> in'vivoT"^ w h©flw&-JS:^LTi^fg3S#t#e>ft£o Z<DFMfc 

?xmmsev-<? Lfzmmx'tmmzm < ftmwjizfr^&jjizmfc? 

I-.' I 

-OVT.m.^^U^r^m^mtL^tzo &tzs d©SeV^#-cDNA£, ¥%MM 
f$,lt)Lfzo 

z\(D&o iz*mwi*. ^ w ^ urna^ ^ ^ vtzmmit^m^m 

SHS^iSx £fcfiFHNjtfc^ll^V AcDNAfr^ ^;WS— «£*iJfflb-Cf» 

» • - t 

£frLtzmMttMfci L femm^??-<Dm%mmzm*m< &cdx$>Zo 
ttLxm&rm<ft&mte?*Mmfti l z%MT%mti*w^x^z>o zziz, m 
-i )i x cD&.mt$. & %± \z m < l tz <Dm^?*—xfo2>zt& y mwistz 

o 

rna t> 4 )i x r- it v j a © &fe&(D r$m -tfimm $ nm % sev^ * * - 1- x z 
mmmfcT&m&mmxit *? <<»z %mm&ttMttLx&%$k~m&(Dmm&m® 
ztit. mxmmm&**Mmmizm^r£7£izmmT%m&7F£tix^z> (y u , 

D. et al. Genes cells 2, 457-466 (1997)) 0 ZCD^J ±xmMk^-( )1>X 1/7U 
n>^^-^{' Ufc^* — its ffilZf&l}] LTl^^yf (positive- 
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. ' . 1 • 

i 

strand) RNA^-T ;u*T-fc3-feA \) =HSM*£-f KX (Seinliki forest virus) £tz 
i£*>> FtX^-fJ^ (Sindbis viruses) Ol/yU^i/^^-^Clfc^^ 

£%mAMte?(Dy-J X£tzi±^ v*-V>7(Dm&Vt (flexibility) £2>i43S 

< £ & 4 kbp£ -£agAorf^& . * '■— tfte £ e> £a*A1^ ;*#A£ < 

vitroHifcllcfc lO^tibmWZftX^Zo #3*BJ3#^&. -fe>#W 

kitH-ttcDprimitivem^^^A^n^ c: ££fitSgbT^3 d Z<D*i9 

*l£o 

&m.Vte^£olZ&M£titzJi : 7 $ $ Vt>4 ;i/*KS*-f -5 (-) !8-*^RNA 

43cfcv (b) ^ (-) fi-^RNAiie^-rs^^^^ex ^^ftsa^st 

(2) (-) gH#8RNA#NP*>;l*Ks P*W<*SCn *5«fcU?L* W<*K&*B 
-5, ( 1) £S3ttCD^**- v 

(3) (-) ii-*tgRNA^^^b5&^cfcd{caj(^^nfc^>^p-^>y^ 

S©'J>fc< — o£^tf s ( 1 ) Sfett (2) CE*©^**"-> 
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i 

(4) vsy-G^.w^Rfc^ifx (i> o) (D^rtimzmmo)^*?*-, 

(5) (-) ^-*t]|RNA#-t:>^ ^Y^tcS^/T^ (l)A^ (4)CD^-f 

(6) (-) m^fiRNA^^e)(Z^^€^$:3-h-LT^§ N (1) fr£ (5) 
© ^ -T dBtfe© ^ & $ — , 

(7) ( 1 ) frt> (6) ©V^-rn^^IBife^^^^-^-a^tt^ (-•) fi-^RNA 

(8) (1) (6) ©V^^ni)^cI3«©^^^-CDM5a^^£T^o•r, 

©*@*iig & 3 — k -r * ^ ^ -dna& N 3i >au - > / %>? sc & z> m 

(9) (1) frfc (6) ©t^n^t38B«©^^^.-cp«i3g^"rfeor, 

31UfcOcfc5icafc^£ft*:/^ ^ >7 )UXizm&-?2> (-) ti-*||RNA, 33 

cfctm (-) li-^$lRNAi:^-r^^>^^g^ fr£>&£ttl§rte^ x>^D- 

do) ig (b) tz&tt&m&<Dmmifi, ^>^n-y°* >^?m&ftmtz> 
mmto&mmT&z, (8) &tzi* o) ^gstg©^^ 

(11) 11 (b) (C*5(t^«©^#(C^^T^ oi>^D-^> 

(12) mffifimmrz>^>'<v-7'?>^?m(D>pte< t$> i^, msb (- 
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i 

i 

ti l-otm-T'&Z, (8) £> (1 1) ©0-rtl^HI3«6©73^ 
( 1 3 )TO##g^6^>^n-r^>;^K©'J>&< h & 1 o#VSV-Gf 
^It-fe^ (8) fre> (12) (Di^ttL-trfciZMcDftm, izMtZo 

U^nrWA^JS N P/C/V M F HN - L 
Jl-r^VJ Jixm N P/V M F. HN (SH) L 
•t— t'J ^-Ol^JS N P/C/V M F H - L 
..0SiUi-M"7 5. ^ V •> ;b^f4 (Paramyxoviridae) CD U X fcf D b -< h/^ ( 
Respirovirus) H^ttS-b>^ ^ ^^©^jifE^©^^!^©^—^ ^< 
-X(DTt7-t y is 3 >#-^{^ NP3tl£^^o^T(i M29343, M30202, M30203, 
M30204, M51331, M55565, M69046, X17218, PiUS^td-o^Tii M30202, M30203, 
M30204, M55565, M69046, X00583, X17007, X17008, min^lZ-D^Xit D11446, 
K02742, M30202, M30203, M30204, M69046, U31956, X00584, X53056, mte^fc 
oi^Tii D00152, D11446, D17334, D17335, M30202, M30203, M30204, M69046, 
X00152, X0213L HNjtfe^^-o^Tfi D26475, M12397, M30202, M30203, M30204, 
M69046, X00586, X02808, X5613K Utfc^tCO^Tta D00053, M30202, M30203, 
M30204, M69040, X00587, X58886^#M© Z ho 
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fc^iaKMsVifc^ ^ ^v^^j^i:^t5 (7)«j-*«MlA&$trii 
i:*'«fti:t4o /te 5 0 vft^frxlt, -mz, x->^u-7<Df*imzRM£# 
>/^Mfr.6 ( U** * b^-^D^-r>; RNP) £^A,T^3 0 RNPtd 

ks**-* (-) fi-#$iRNA, *«tv (b) '« (-) m-^mnktm^f i^ 

W ^ ff, e> & § jg^ft; § ^ © £ ^ AsT* V ^ 3 o ( - )«.— 2MBMIA 

(-) a^iiRNA^a^&^fiE-rs^^^^HcD^^smdo -j&tc 

, }'V4JUX<D (-) ll-^IIRNA (^yi^RNA) CfcJu NP^W^fCs P 

A©^43^t>*^cOfeto©^^ftS (Lamb, R.A., andD. Kolakofsky, 
1996, Paramyxoviridae : The viruses and the, ir replication, pp. 1177-1204, In 
Fields Virology, 3rd edn. Fields, B. N., D. M. Knipe, and P. M. Howley et 
al. (ed.), Raven Press, New York, N. Y.) c &&W®&'£mz\£, /i^S&V 

x >? v^j)i,x<D (-) m-*mwMzztit>(D*>/ii?m (np, p s js&vi 

*>^tn)&t£GVtzm>& : $ts&<DT-$>2>o-mz, ^ vm^cdrnp 
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t 

Mmte-etiL&i* (rnp) tc^*nsRNA&a«-r*iE*sfwrs*©T?&4o 
x 0yx.i£> jftg^'f ;utu -tuu/^-r >7;u^>if o-r;i/x (SV5), t h^^-r 

t><< fr^^Z *?—*(D (-) li-*HRNA(i, ^^J(3«s NP^W.^K, 

-te>#"-l' (Sendai virus; SeV) ^< A+M 

Xktftl5,000i£«-£, * 3' OjgVjvU — ««IClS5g.s NP * u 

tJft7^FU MCvMJy^X)* F (7a-.y3», HN (^7^ 

©■5^ f, HNs *5ctt>" M3te^©a ^i^tL*\ ^§v^(±^n^©ffl<^^fc>-a-^ 

: ?hHNjfi'IST-©i^^'$:^Jl LTl^oRNPi^^MitC^Ctl^cDMfi^^i^S'&V^yc 
NP, P, *5ctr>*L^>^^K©#ffiTTiI©^V ARNA (stf^ 4 fete* 

^Jx«LLC-MK2,«^ifT*ff^^i)«I^^T-t^o NP, P, #£VL#> 

^ p nam&it, &mfe^-it u-Ytz> z*-%mmzmx'r2>ztiz& 

^T^iOo M?*Bf$,$ J £Z>tc&lZftm$-£Z> NP, P, &£Xfm&?lts ^ 
$-(D>f J AtZZJ- b'£ft3 NP, P, ^^t>*LjtlS^i:^(C{Bl-T-$)?)^(i^ 

-r&t>*>, ztib&mte^&zi- \*tzm&n(D7*;mmm*. rnp^ j a 

— >;^M©T ^ y^I2?iJ^©££T*& < i:^,^V ARNA^-£L 
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• ■ . . i • 

3(DJ;^ci:A^.^-lt -SW(:«^i:, «l*JT-RNP£Ji$6£-tf-3 

^n^o ^y^^> FitfE^^HN3tis^(DM^^» 

tS^y A£*f LTF# >y^K©«^^^?i^ii-Shs F* W^SC£3L>^^- 
£tz, (-) ii-*fiRNA^4bH>-r^b^^ £ fcd(3efe^^n^>^D-r^ 
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x (vsv) ©g*w^k (vsv-o £3M:f zzt&ir^Zo *mm<z>^7 A *? V*4 

t> << )\s^^>? $ VSV-G* 5^ ^rVA^tl,')^^ 

» 

*^B^^-f;i/^^^^Ht If, (a) ^ vm$4)VX<D'Ml3i< t& 

b ) H^m^tS* U «€• CD^#±ri* a e> «w ;u^^^ * hhk-t 3 £ h £ «fc t> urn 
t5Ci:Ast*§§o ^#-DNA£$85t£-y-3BfK N NP V L v *5<fct>*P* 

' ■ "r 

^o^Jill ( - ) m-*HRNA * fc fcfc ^ ©fflfif $££ 3--Kt5 DNA£-T7:r M - * 
-©TlCllS^t, T7RNA#U ^ — tf£<fc »)RNA£fe¥£#<5o *<>7 9 — DNA 

<D^>^u-7&fc?<D*>^t7n&mm-?2>mmizm%.£ti-r, f,hn 
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bT, ^7 S; t> vm^J )lX(D^>s<u — 7°#>;V7WX'lt-te 
^oi>^D-r^ (mm*. VSV-G*>;**M) * AH TOT?'* 

So 

e, t5 s NP N P/C& «t t>*Lg fil©^^^-i:it{:i$«(:h > 7 7 x * 

tmrnfr^n^tebis, ^m^mxvtcQ^ ftz^itrnvoi frx(Dffimmfc 

rnp £ tc & o i ji ^ 7^/$ £ tUltf , 3 ©RNP * fc « £ -Y ;i/ 7 & ±ga©^;w 1 - 
c©jflgttx (a) ;t7 ^ 7 v£l>W;i/;*<Z)*J>& < £i>— ov^y^u— > 

.£-#iBRNA. *3«tt>*^ '(-)• «-*«iBNAi:ig'& ; ra^>^^Rs 

RNP £ ,« t:iAt§ t:l± JJ^« 'J 4f7 1 ^ h 7 ^ >^>^ 'J *f >^ 'J ^ 

v-i±tet'tmzm&{&*Bm$i±xmxi-zztfi^mx&z>o m&mz&, 

m*<Db7>X7*Z->3>mm&mmxg2>o DOTMA (Boehringer), 

Superfect (QIAGEN #301305), DOTAP, DOPE, DOSPER (Boehringer #1811169) & 
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(Calos, M.P., 1983, Proc. Natl. Acad. Sci. USA 80: 3015) o 

mtUts ^cOWlIfL^cta^ Jg#H^\ U#>b\ g^Mgs 

^ftmWJ JlX^Zf-te, (-) fl-^IIRNA^(C^?ie-?$:n- h*-T^> 

-DNA(C^*e^^#A-r^^(i, #l;Ltt\ -fe>*V >>^;i/^^>7^-DNA{I 
^Tte, (E^»IS(B)'EyiJi:lE^RK&(S)i!?yi:©IH3&:^^ 6©^»©ffiS«* 
W-rSiH^iJ^^A-r-SC t&m$. (Journal of Virology, Vol.67, No. 8, 
1 993, p. 4822-4830) o 04 (D&Mfc? (NP, P, M, F N HN, & 

&^<Dmm*mtftj:^£oiz-fz>tzi>b, ^«e^©gu^fe{i^5^M e-i-s 
mm (m^mtfemm-ft&mm-mwmmmm) ^tzit^co^^mxr^o m 
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i 

• i 

( - ) wma'y 'wizm^izz: mum ^jji* <d? j a ±cD5te^ies \z^x 

rm {*i3^j7mz&^x\&hmtt(Dvmm&tiL). £tz&imfc?<D±m (* 

h^^^^A^n-Kts^ -dna*©^ mmmmm®mzH&mte* 
it, zcdxo izmx vtz&mz{jLmzm<DftMMfc?&&ft lx^x% 

ft&mte?*m-t2>*m%--t>#'( l*x 0iJ;Li£> Kato, A. et 

al., 1997, EMBO J. 16: 578-587&T>"Yu, D. etal., 1997, Genes Cells 2: 457-466 
CDgBfgtdipbT, &<D£5lZ{sXmmtZZt&X'£2>o 

s 25ng/um±(Dmmxmm.^mmzm-(Dy^x^ \* trnm-ez 

lzt$\T2>Wi'&*mizt^xm.W?Z>o g £ f S cDNA*g*IE?iJ © * C Not ISM 
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(e), ^«E5»j (i) mFtewmmm (s) c'ei ssa^u) (Dziv-zmnt 
& tzibiz^ Kotimmmmwffi&mmRz?mwm:i&mi\ (ek jv&mm 
vm^mtfemm (s) i:B^3t^cD-gp©iB^j$r^tf7'^^v'-^^uT, y 

o 

Kffift© 2 U±©;* ^ b^"^ K b < (±GCG, GCC©NotIl^gP{ii*5|5©iE^J 

*%£n&^4igSs MK^f g- b< (iACTT) £3ItRU ^©3' #Jf::NotI|«gMu 
gcggccgc^frtU £ <s>{l€©3'$J£X^— tt-@E?y£bT{£Sc©9JgS££f* 
9£ 6©{gg&£;!jO;l£gfc©i&«£tt;bnU ^ ^H^^S'ffiiJtcF.ffilOcDNA^^zi 
K>ATG^e>cn5r^toT0RFcD^25^a*i^©iH?U^f«Lfe^i;^So g& 
©JtSteGg; fcteCi: & & £ ? (Cl^MOcDNAfr £^25mS£ MIR LT 7 ^- «7- K 
#J^^-Ui3DNA©3'©*^i:1-?>C^* s $f^ L^o 

D ^*-^{|iJ^^DNAia^J(i5' MfrZ&McD 2 &±<D ? 9 Uzt^- h* b < & 

GCG> GCC©NotIISgP^S*©lH^J^^n^^4^ N JE£$?£ b < (±ACTT) 
£M#?U ^©3'#J^NotIlf,fSlgP{4gcggccgc^^Pbs £ £^03' dHCj|£ £ 
MffitZtz®(DffiAmfr<D*V3dM*ftlJQ-?Z>o Z(D*V =TDNA©il£te> NotI 
!«gMugcggccgc£^#K cDNA©*B1iiMSi2^Ji:^5i!it-^-fe>^'i' tf-ni^K: 

izmmBL&mntt 2> ^6<D)l—)U (rule of six)j ;Kolakofski, D. et 

al., J. Virol. 72:891-899, 1998) Q £ Z izm XM ft (D3' MlZ t> 4 JVX 
CDS%im<Dmffimm*}s #£b<&5'-CTTTCACCCT-3\ ISSSHk $?£b<fi5'- 
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AAG-3\ Em&UDttm&WB&L $f*L<{i5'-TTTTTCTTACTACGG-3\ ££{C-£©3' 

G £ tt C tz -5 «fc a £ S £ * MIR U T £ ttija t > U / t - * fltfl^* 

PCRfi. ^Jx(i\ ExTaq^.U^^— If <^i@B) fefflV^ii«<0^^fflV^S 3 
^^T-^^o Sf*U<ttVent*'jp<^-H? (NEB) ft/SlvrfrW JtiU-felW* 
M-iiNotlT^bLfe^ r^X^ h*^^^-pBluescript©NotI.SP(StC*iA-rao 

^MiR^-^o Z.(D~7z> X ^ A»T>i-*NotIT-«Il9i±5L> xy^D-rSfs 

^^^It^y AcDNA£^t?r^X 5. K©NotIfiWtttC £ P— -> So 
r^^.^ f ^ * * -pB 1 uescr i pt £ *r £ r £ Not I iz mMW X U * -b > 
4 ;i^cDNA£f#S d h & qJ#,g-£& 5o 

4)]/7><DL Ps NP*W1^® RNP £-b>\ Z<DMfP&&tsQ.<< fr* 

£3 0^^97/16539-^; @BR^M97/16538^; Durbin, A.P.' et 
al., 1997, Virology 235: 323-332; Whelan, S.P. etal., 1995, Proc. Natl. Acad. 
Sci. USA 92: 8388-8392; Schnell. M.J. et al., 1994, EMBO J. 13: 4195-4203; 
Radecke, F. et al., 1995, EMBO J. 14: 5773-5784; Lawson, N.D. et al., Proc. 
Natl. Acad. Sci. USA 92: 4477-4481; Garcin, D. et al., 1995, EMBO J. 14: 
6087-6094; Kato, A. et al., 1996, Genes Cells 1: 569-579; Baron, M.D. and 
Barrett, T., 1997, J. Virol. 71: 1265-1271; Bridgen, A. and Elliott, R.M., 
1996, Proc. Natl. Acad. Sci. USA 93: 15400-15404) o t>4 JVX'** DNAlI 
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♦ 

o 

a<j iz pb { t £ 15 m & £f S o 
(Dhb.-m, h^>^^oi^i>3 >m,MfimmT*% z>o mz-&, dotma 

(Boehringer), Superfect (QIAGEN #301305), D0TAP, DOPE, D0SPER (Boehringer 

#1811169) t£¥i$m-f ibtiz>o ot Lxtemz-i$v >mti)v^^A^m^tz 
>^7i^3 >m&m? hti, zcD^mz .totiiisficAofeDNAiift^iis 

lzm<0&$.ftZ>i)K mmz&-tfrtem<DDMtf\2>Z ttm^tiX^^ (Graham, 
F.L. and Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, 
S., 1977, Cell 11: 223)o Chen*5 J; t>*0kayamaii h ^ >^ 7 r— ft#T©S5§'fb& 
1) ,«£^W$J<2M >df-'i^-^3 2-4% C0 2 , 35°C, 15 

~24B#fig, 2) DNAtiifill^J; »9^©*)©* s rS'tt* s iS< s 3) Mrl^^CDNAM 
m& 20^30 ug/m\(Dt$mMtei%mttmZtlZ>£m£Lr\,^2> (Chen, C. and 
Okayama, H., 1987, Mol. Cell. Biol. 7: 2745) D ®(Dj5mi£, h^> 
^7x^i/3>ClLtl^o fiDEAE-^** (Sigma #D-9885 M.W. 5 

xio 5 ) Mm^mm(DdMmmttrmmLs b^>^y^.^^3>^i7o^mtm 

iS#>3fc#>(3^ □D^r>$rin^-2)^ (Calos, M.P., 1983, Proc. Natl. 

Acad. Sci. USA 80: 3015) o @©^SIil^?LS^lif«tl§^St\ iffflfl&iiR 
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>IS^* s 5ibTlv-2)o SuperfectTransfectionRagent (QIAGEN, Cat No. 

301305K g.fzl& DOSPER Liposomal Transfection Reage,nt (Boehringer Mannheim, 

Cat No. 1811169) *W^*i£o . 
cDNAfr h (DUmmZmfomz &&(D£oiZLTTToZ£tfXg2>o 
24ftfrt> 6 'Km]g.<D7'^ X?- v P h £fc(il00mm^ h 'J IDIJiTn 10% 

^Jfa^CFCSJ^.fc^^K (100 units/ml ^.^> 'J >G*5ct t>*100/zg/ml X b 

vty^j *^tsm'p>&m%m (mn)^m^xv-)immm ^m$*llc-mk2 

1 70^80%^ > y jv^y blzt < t.2>£X*t%mLs fflz-l£ 1/zg/ml psoralen (V7-1/ 
> ) UVMfjMS £ 20##L3IT- ^rSYb L . T7* U * "5 — fc? & £ 

%V p *>±T <y J JlXvms (Fuerst, T.R. etal., Proc. Natl. Acad. Sci. USA 
83: 8122-8126,1986. Kato, A. et al., Genes Cells 1: 569-579, 1996) £2 PFU/ 

^So {«1B$F^ 2~60/zg. ^b^^U<{i3-5/zg©±H3©m^^-fe>^V 
•^^l^cDNA^ £:R-t?>^*-f ^X^V bsO^mXi'^W^ b^>XlZftmT 
ZfJ )IX<? >^?n&$&mirZ>7^7X ^ h* (24-0.5//g©pGEM-N, 12-0.25//g 
CDpGEM-P, i5ctt>*24-0.5//g©pGEM-U X <0 L < &l//gCDpGEM-N, 0.5^g© 
pGEM-P, jb^^l^gCDpGEM-L) (Kato, A. etal., Genes Cells 1: 569-579,1996 
) htt(3Superfect (QIAGEN*±) V #7 a: ^ ^ 3 >i£^£cfc D r^>^7 

i^^>3>-r^c b^>x7 ^t^ayzififemmit, pftmizx oioo^g/mi 

©U7T>tfi>> (Sigma) &t^> r >T^ try i> h* (AraCK £t)£?£b<te: 
^g/ml©^ h is>T? b*y K (AraC) (Sigma) ©<fr£^tf lfilig^©MEM-£t£ 

m*lztZ>£olzMm<Z>mmmm%:m7£TZ>(Kaito, A. etal., 1996, Genes Cells 
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1: 569-579) 0 h 7 7 > a > *>£48~72B#fI0*Ij£iSiigL iTOSrHUKU 
S^%31-r^LLC-MK2$fflJ}S(Z h-7>^7oi^i/3 >tZ>fi\£fzlZ^>«XJ-7>& 

# -r* t 3 ( nm&mm ) 0 tgit±?» t MraiirSte (ha ) 

^^-r^C^^J; D^1-^C^ T .§^ o HA(i rendo-point (Kato, 
A. et al., 1996, Genes Cells 1: 569-579) IZ£ K>Vkfe-?Z>Z\ h#-t*#3o f#£ 

*^0^©M^^-tr>^v ^jx.^3i^7jc-^'; >mmm 

ZiM&mjk (PBS) ^ifT-M#IRLrrm^i:.-r?.^i:^T-§^o ##80,§©mgl 

t*—tmz±tz<Dm£frbm%fttz^j)ix^z#-&mnmmzm%kg'&, 
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' * , , i * , 

! 

s^j , mkk;kiR t pp.i53-i72.)o mi&mztt, mm. saran^jgiisfcA 

n9~12BF^ 37~38°CT"tS*b. So x^d-^ >^*ff£$8 

*'Mia-tt, pp. 68-73, (1995) ) c 

^afi^tfii&a 2a©^* *-&mtmmzmx-rti\x. ^ft-eft-e&p-rs 
ft e> cd * >r frx\mmftT*mffl.zn&mm(Dmn&mmT$>z z£&<b, ^mt 



WO 00/70070 ' PCT/JP00/03195 

• , • - 21 - 

1 ' . » ' 

t 

(exvivo) ' &ZmB:=f-%m(DU-?1\<Dl5mz. cfcoT & , femtibm*Wtf$T? 

-e 5 3 ^ # Rfkr- & So a^atfe^ tut (i^t3 mm** <s ieg*3-Kt 

4»»CJDits 08*. tt^ 7 >f t > X S feli 'J 4^1f ^ if® ^ f ^ □ - 

mizttL*%w<Dtr'( jix^z*-- &&m?2>z tti^z-htiZo mz-itmmfe 
mtLxiL mmmm, ^tzmcmm-^t'cDm.m^m^ (apo c^ibrb©^^ 

g^il Utlt Muc-l g;fcte Muc-1«A?->*>^A U fcf- K ( 

*ffl#fFlg 5,744,144-^), ^7;-7 gplQ0*n;fC& ?>tlS. 

C£&W$JT»&3o CCDcfcS&jte^fc UTfis 0i;t« i) IL-2£-#$iIL-12 t 
(DUH^t>^ (Proc. Natl. Acad. Sci. USA 96 (15): 8591-8596, 1999), ii) 
IL-2^ >^-7xn>- r (^ffl^gfSS 5,798, HHHfK iii) WifeT-ffll^tiS 

i^3d--«S[S? (gm-csfk iv)mmm^mMMtLtz gm-csf ^ il-4 

(Dmfr&lo^ (J. Neurosurgery 90 (6), 1115-1124 (1999)) tz¥1$m? htiZ> 

o 

>^d-:7\ BM^:::fc^T&> ^!|^(^^>^P — (Vaccine, vol. 17, 
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No. 15-16, 1869-1882 (1999)), x-f' Xt *^T(i,>Jx.(^HIV gag£ fe"l± SIVgag 
^)1 0 >S (J. Immunology (2000) vol. 164, 4968-4978), HIV:n>^D — 

# (Kaneko, H. et al., Virology 267: 8-16 (2000)), n U ^ (C^Tte, MX 
^3 1/ ^g^cDBit^J-— \y r (CTB) (Arakawa T,. et al. , Nature Biotechnology 
(1998) 16(10): 934-8, Arakawa T, etal., Nature Biotechnology (1998) 16(3): 
292-7), H*^f::;k^TJ±, MpL&tt.X.m^J )IX<DM<!?>^? (LodmellDLet 
al., 1998, Nature Medicine 4(8): 949-52), d^SBSC^TBu tF/^D- 
-x">-f )lX6m(D±i7°i' >^ZL1 (J.. Med. Virol, 60, 200-204 (2000)) & 

m%dlZ#Zs -f V >fflft (O^y^ Y<D%M-&ftt>nTUZ> (Coon, B. et 

al., J. Clin. Invest., 1999, 104(2): 189-94) Q 

h mm <d mm & ^ -r^* x & % <>< t k £ t> jfcsev-F^tt t &x<d & h n & 

*mffi Lfe^m^^t"lll^fe^o^SeV-Fin«:^ffl^-rLLC-MK2/F7cD7D--9-^ h 

m 3 its ^i^ntFias© h v > <t ^x^^d s>hs 
t «t I? wis b £ ^ -r^HT- & s o 

0 4 «BlJlg*®{3i5^ SHN©*31*^lfll3*(DJ8fflliaa®^©IR*ll»"t?ffllS b 
0 511 ^^^>y^M%S$BJJS^ffl^T^^^^^;P^0(H]iR^^/i^ 
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i 

I 

1 . LLC-MK2& £TfW-UZ?n?ft(DmJ!t&tfi<D.fr<Dmffl.7 J -b— h ^Jito 

2. LLC-MKZ/F+ad^ct^CV-l/F+adtiT^V «7-f ^AxCANCre^nxfe^ft^ft© 

3. LLG-MK2/F-ad4oJ;t>*CV-l/F-ad(iT^V ^ ;b;*AxCANCre£fiO;t TU&t^tl 

4. LLC-MK2/F+ad 3rdi±7y"J 54" ;UXAxCANCre-tr^#^ L^M$r^ h\Z 3 

5. ld*5J;^3d(i^n^tlS|a»^31^ 1 B&cfctF 3 B ^rUt^o 

i ■ 

7. AraCld*3J:r>"AraC3d{i^tl^ r tlAraC$r«n UT 1 B*<tt>*3 B©«£*i;r 

o 

8. chx id*?cfct>*cHx ute^n^nrnte^mmrnvj tu^t'X K^anb 
r i s*5j;t>-3 B©«^^-r 0 ■ 

12 6 Ji N GFP^AF^^SeV cDNA(pSeV18 4 / AF-GFP)£F#^mLC-MK2«k: h 
7>^7i^^>3> LTGFPOfgijt (RNPCDt&ffi j Lfc^£^ <r^j|T& 

3o *fMP£ LTF3H£^&NP«e^2>3' ^ * 7 )l U F*£8B(ft£GFP&* 

ALfcSeV cDNA(F^^7;i/^SeV)^:ffl^fco r allj (±SeV cDNA©flfe{Z> NP,P,Lj» 
fi?4»at5r77M« (pGEM/NP, pGEM/P, &t>*pGEM/L) fclBJNM;: h7>77 
i^>3>L7c&©£^tfc>-fo r cDNAj (icDNA (pSeV18* /AF-GFP) ®^£D h ^ > 
77i^^>3> ^ifoto RNP h 7>7 7 x ^7 3 >(£GFP£$g5I IT -l^SPOJffllia 
fcEUKU OptiMEM (GIBCO BBL)£MU (10 7 «/ml), IM^MM 3 0 < & Jg 
Lfc^Hr- M00/zl£#5^>&y tfW-ADOSPER(^-U >#— v-r »w 
A) 25//li:ig^U ^^15^JKBbT^e>> mMmmfflfe (+ad) CiJjDl 
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I 

t , * 

v*&m?zm7LT7; <yj )ix$mm (-&d)mm*m^tz 0 zomm. pood 

LLC-MK2 &GFP(iSeV ^ ;i/ ^ RNP<Z>ff^£H (I 2>Zt &mW b , 
^^^t?Ifife§o RNP/oiiRNP£M (overlay) L££tt£J! U RNP/t 

i 

&RNP£transfectionbfc*ffl]J§£Ji-f o • 

h zmmm? izmmw^Mmmz v ^ ? >> 3 > u tg«±?ft£iHiiK bfc c ^ 

FfgiMJ^^F^^M^IelBt^^nb, r U 7^»#«i:I^STt 3 0F^ 

i9(^ F^^w^^Abfe^c^^^F^^-r^^^tg^jt^^^ai 

$Stl&l$RNP£^t?^-fe- h^H»J2(z|B«©F^31,«{c U^7^^^3>b 
, *£lt±*!l£[i]iKb£o 3©tg#±rS^F^W©i^tfe^APx^^-y-, 3HS 
{3lI]iK£ftfct3§i±?if£, F^MJ|g^F#^»(z|5lBt{3^nb, >'J7^> 
h ^#^ETT 3 0 mi%m b fcoTISiiF#^^m©±?t©^©^$: 

o 

^3im©^#±?f^©^^;i/X$:|l]lRb. total RNA£fS£ti bT, FtW&7°u 
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^-rRT-PCRcD^^^-r^K^fe^o 1 : +18-NP. +18 Not ItK h ©#£©0 
fgo 2 : M-GFP,' G¥?miR^¥m^^m^mz^-r^Zt(Dm%lo 3 : 
s FiH£^©#£©fitlSo ff^SSeV^F^MGFP^SeVcD^V A«it^±(C^Ufe 
o GFP«fc^#F^»£Pte(-#;£U NP©3 , ^(3+18fi^CDNotI1+^ b f 
3ffc ^ #RNaV y a © if £ & b^3h # s 5gfS £ ti fc o 

in 1 2 & , ^ )v x © f ^ hn \z &.m w.i:s{St5#3D^ k ^ -a- 

IgG(antiF,antiHN)^ffl^fc^m^(z=l; DM^fe^^^^^-^S-trfe^o^ ;i/ 

^(DJi>^D-7-©^/W ^««3t(iF^HN©ge*^e>^-SCh*?B^^>^i:^ 

■ ■ t • • 

El 1 3(i,GFP©'Mfe^^©f&©«^^©«it(i^^h^-e$>^.C h^ffil 
II b fcRT-PCR© £ m ? M X' & 2> o 
Ell 4(4, F^^^;i/^3|&^§«iR(3j:t)s ^©^^il^fe^^-r^ 

1 

Hll 514. F^^SeV^^^-dct^in vitroT©fM«&m^©;^3Wjtte 

mi 6(4, ^o^m^mmm (BMc-kit+/-) ^©F^£§ysev^*-©#A 

Itffiffi lstim$&*mtmX'-3bZ> 0 e&£^-(4PEI111/GFP|^fe£mU Hvvn'- 
(4PE^<t£/GFPG§i4£Jiiro 
El 7(4, 751 hfa^©^*-© in vivo & J §-(D$£W:£:mtWnr*&2>o 

m 1 8 (4, f ^iiiiia^ hjir u ^ f ^asev^ ^ )v x &^t? t%m±m £ f 

mLC-MK2«^^b, h ';r^>#^TSfci4^#ffiTT"3BF^«L±?f * 
©•>^;i/^©#^^HA assayT-fitl^bfeiSS^^^-r^KT'^So 
019(4. 13 1 8B(3*5^T^WIS^T-HA|H4T'feofcm^^(lane ll:fc4.T>* 
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lane 12) £fcW»WfcBSMIU/t«*2B«©*l«*©HA assay £ ft ofc'IglR* 

EI 2 1 teuF&ja^-'f ;b^*5^©«^© h7>77x^3 >©IS*ft*f ¥ 

LLC/VacT7/pGEM/FHN(iLLC-MK2«(C «7 £ ^>-T^^> pGEM/FHN 
r^*^ h*£ h7>^7i^i/3>bfcM 0 LLC/VacT7(iy ^ ; >-T^Lfe 
LLC-MK2Wo LLCMK2/FHNmixli F, H N3t<E^#A^nfcLLC-MK2«T'^ p — - 
>^LT^&V^fl& 0 LLC/FHNI±LLC-MK2«{3F, HN«g?miT7ry 

t>j jvxx-mmmmmsBik) (Dmrn^ i-i3 N 2-6, 2-16, 3-3, 3-18, 3-22, 4- 

IH2 3(i. pGEM/FHN©«RjbD©W«l©jfi^{3<fcS^>rJl/^©^fiE*«tBLfe«S* 
^^f^Xl?fe§ 0 FHN^»GFP^5MSeV cDNA, pGEM/NP, pGEM/P, pGEM/L, pGEM/FHN 

**tL*nffi-&bLLC-MK2|Bliataie?IIAUfco IfiflA3WMS: 
AraC, h 'jr^>A^©MEM^^L> £ £ £ 3 B R3Jg# U o «fifiA«2S 
B^&#3S#H*§i-e«*U pGEM/FHN©«lin©*«t©5S^«:tftIiEUs GFP#B5liffl 

!&<D&ifit)?v4 )vx<DMm&mmistzo ^©*s^£^-r 0 ?i«&Rf£pgem/fhn 

£8S2«I bfc»^fcfcGFP$g31ifflflS0j£#!> #m3£ft,pGEM/FHN©^;!jO#&^i§l^& 

l^tfUtfti. *3SSI#^3SB©F HN#|gSi«WIS (12well) fcPO RNP&M 
^*fc(iD0SPER*fflUT'J^7i^^3>U 4 B&£GFP£fB*l,fco RNP h ^ 
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i 

i 

$3 b ( ± ) oAde/Cre £ fg§l£ b T 6 B# tc FHNg S #!5§#fgJI £ ft tz mm £ FHN ' 

LLC-MK2/F, LLC-MK2/HN, LLC-MK2/FHN^^ bT h U >©^DCD,WMtrtg« 
b^m^f ^3lT"$>3o t§#3 0^(3GFP®6^M^©j£A^$:iii^bfeo 
^©^Hl^-fo LLC-MK2/FHNT©^GFP0j£A s »5^ig^^ns 

0 2 6 (is FHN^«©t§#±M**R NA©yy A^B^r^bfe^ 

02 7(1 FHN^fl^^^^T-^bfcF^M^C^^S^RNA© 

47 ;> - t- r> ^ )V 7. © ^iS-IKb h T7r§t£ £ ^ iT 11 *C & 3 o 

02 911 V^> • UV^(3jo^SUVM*f^^^^<b^-a-^^^©s 

in 3 o (is v^u> -wmm^tzv tis-Tiyj j\/X(DmMmB& (cpe)'^ 

t?I-e$>5c 3xl0 5 ©LLC-MK2|fflJia$r6^a:;i/rL'— b (CJSWfco jgfflJjS^— IftJg 
«^s 7^v^T^;i^£moi=2T-^£-££o 24B#F^s CPE£$iJ£b£o fll 
^©^^^-T^^^X^ctSCPE^As 15s 20s & ctl>"30 «Ilf:7 ^ is 
^T-W^C: J:3CPEil ^ft^ftBs Cs &£m)(;:^b£o 

03 2(1 -fe>*'^ ^^^XW^sEHSItffl^fclfflllStC^-rs^qTtg^^ 
0 3 3(istaVSV-Gtrb#:(C<t-2)^i^^>^o v h#M?r©^l£^ir^jlT"& 3 
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HI 3 4-tt % JaVSV-6fii<*:&fflV^fc7 o— t^-T h h 'J -M#t <©*££*^"r0T?& 
So AxCANCreiS^4 HBOLLC-MK2 VSV-G^«3H* (LI) (raoi=0, 2.5, 5) <£>/§? 
*r«SJH£jjm -^tt&JfiVSV-GJruffc (MoAb I-l)> -&Jfif*:JiFITC<b 

HI 3 5ttV AxCANCre (M0I=(K 1.2 5, 2.5, 5. .1 0 • 

*®&&±?g£[§]iKU £££VSV-G Sl#fu(-). ■ R^I«(+)©«BlBk:*lfe**s 5 
B@©GFP ©^bTV%S«Bllia*SlS?Ufc^*^-r^*t"r_*So 

Ei3 7fi vsv-g mmm&m^TmztitzT iiE?&^ifey^A^tt5 

IH3 8ii, GFPMfc^£^t?F, HN^^M-b>^^ VSV-GflHg.^F&Si 
*BIJ!SLLCG-L1 £ VSV-G £ (3 ^ <T £ > ^ - K * -f ^ -f ^ * ©M£ # 

m 3 9«v vsv-g jte^^^flar-JiJiLfe^/r^i/x* 5 F4oJ:i>* hn ^^it 
f-m(Dmmm®m<Dfa±*7F'rm-e&%>o po mftm) ©d3-d4 (3hs~4h 
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M4 3(i,cDNAfr <b©FMl-fe>*W tr4 )V*(D V 7 + a -©#§^^£^[2 

04 4(t GFP£^l;&VLacZj§« F ^£^-t?>**^ »7 ^ JIX^? ^-©lacZ 

•NotliM h^#Ab^bfc5M^©-tr>^ »W ;u^y> AcDNACD^ji (B) & 
, 14 6 it,. SEAP^Notl-t)-^ K te¥HI*&^^>;K ^£PE#k fif*IS'>^ 

i4 8il #-tr>^>f «^>f Mfc:*5J7SUJK— * — Jtfe^ (SEAP) 

©%3S«©ii^%lt«!Lfc<gmS^-r0t?$)So SeV18+/SEAP©^-^$:100i: t 
T^ti^*ifB*Hit£3tL£o SEAP3te^* 5 T^(l^a^S^^oT^©rSt41-^ 

14 9it PI FHN^31«.tC^(75GFP#^^^t-gi^^T-fe§o 

15 0(t VSV-6^i- rSeV/AF:GFP^$fflaa©fttaj^*s £iFin<fc ( 
anti-F), fciHNi/tft; (anti-HN)v tri-fe (anti-SeV) 

05 Hi, 4>*ntn;<* (VGVJ/lft;) ©#«T*fc*i*#aET-CF*J:lfflH*^«U 
fcVSV-G:x^- K*-T 7°SeV$r^^-y-fe$ffl)3S©GFP©^^^^-r¥KT*feSo 

05 2it ^ J S^i2®5i/C^^£^ffll^r^HLfeF^tfE^fe^V^iiF, HNMfi^fc 
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I 

i5 5lt NGF|g3i£|g®L£F^S^>#*>f (NGF/SeV/AF) CD«^ 

©stis & ^ -r -e & -s o 

EI 5 6te. NGF|§«F^^SeV^^Jiaj; ^^^nSNGFCDr£^^-rillT"fe 

Jz^ b3> KU7tz<fcSjB^fStt**i«i:UT^«fll!a*^«Ufc (n=3)o *g#i± 
jfittl/lOOO^JRffl^il^ftDUfco, 

A) zj>KD-;b (NGF^DML)n 

B) NGFSmOng/mUBilK 

c r m¥/sevmmmmmm±mi/ioomKmm, 
d) m¥/se\mmmmtm±muioo^mmm. 

E) NGF/SeV/AF^«tS*±ril/100#«R^n, 

F ) NGF/SeV/ AF-GFP^^W^#±f»l/100#3K^n 
EJ5 8(i, Ad-Cre©moi£:Fgfi©f8^«£^?-¥*T-&£o 
i5 9lt Adeno-Cre£<fcmC-MK2/F©SBM£^?-^3l^&<5o 

1^6 cm, mmz&zmm<Dnwi&%:7fi-t^n-e&Zo 
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i , * 

-b>*"-f (SeV) 3- ;K>7V AcDNA, pSeV18*b( + ) (Hasan, M. K. et al . , 

1997, J.. General Virology 78: 2813-2820) (TpSeVlS* b(+)j it r p SeV18 + j' t 
0DcDNA^SphI/KpnI-e^<bbT7 > h(14673bp)^[5]iRU, pUC18 

£ ^ d > y L T £ & ^ o 75 X ^ h*pUC18/KS £ L tz oFM* SIMS d © 

pUC18/KS±-£*Tofco Fji1£^©^»l£, PCR-^^ ^-^>3 >^^©m^t>-y-T* 
frt\ LTFM1£^©0RF (ATG-TGA=1698bp) &Pi&^Tatgcatgccggcagatga 

(IB5«^- : 1 ) -e3i*SU F^^SeV^y AcDNA (pSeV18VAF) £Hffgb£: 
oPCRteu F© J; mz& (forward: 5' -gttgagtactgcaagagc/Se^JS-Sf : 2, reverse: 
5' -tttgcc'ggcatgcatgtttcccaaggggagagttttgcaacc/'IB^JII:-^- : 3 ) N FjtHE^PCT 
W. (3 (± (forward: 5' -atgcatgccggcagatga / IE #J S ^ : 4, reverse: 5'- 
tgggtgaatgagagaatcagc/IS^JS-^ : 5) ©PCRMtJ^EcoT22It:?iiS Lfeo £©<fc 
^{zff^nfe^^X^ K^SacI^SalIT-^bLT,F^»gPffi&^tP^0»fM- ( 
4931bp) ^HJJRLTpUC18^^D-->^bs pUC18/dFSS£: Lfco -Z ©pUC18/dFSS 
£DraIIlT-#HbLT, WNt&II]J|K LTpSeV18W»£^&^ir«**©DraIIIKrJt 
^S£&;i^ 5^ — a > 1X7*7 7 ^ KpSeV18 + /AF *mtz 0 

^e»(^s Ffc£»{4l;:EGFPj»£^fcJ&ttUfccDNA (pSeV18VAF-GFP) £«igir 
-5fc«)>PCRtZ«fc t?,EGFP*fe^P©ig|i&ff ofcoEGFPate^?* 6 ©fg»(HausBann, 
S. etal., RNA 2, 1033-1045 (1996)) 5 tztb 5' teNsil-taildr^ -T v 

— (5'-atgcatatggtgatgcggttttggcagtac : 12?U#-# : 6 )> 3' teNgoMIV- tailed^ 
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=7 4 v— (5V-Tgccgg<5tattattacttgtacagctcgtc : BE^JS-^': 7 )£ffl^-£P(tefT ' 
o£ 0 PCRMtJ^JPSgf^Nsil fcNgoMIVTjllfbLT^bfr&WJtfclllJRU 
pUC'18/dFSS©F^gPffl{ZfcSNsiI £:NgoMIV£ i\ -5 fPMBJR${&£2«[ U 
fx>^§»gCfe. Cdfr'^ EGFP3Ifc^£^i?DraIII»rK-£[H]lKU pSeV18 + 

pSeV18VAF-GFP £f#fc 0 . 

Y&k^i%n^%i™l\™mmQftM7^* \ b"©1ftiiliiSeV Fitted 
£PCRT-tfi|iS U S/-^>7*itStfe^ Cre DNAU -tf£«fc D»f^F 

& S§ 31 3531 , £ ft £ ct -5 £ s&ft £ tL tz y v * * h* pCALNdlw(Arai h ■ J. 
Virology72,1998,plll5-1121)©jL^— h SwalgWftKJfAU ■ IT"^* ^ K 
pCALNdLw/Fi: Lfco 

<2> SeV-FMS$:lf^l63l1-^^;wi-«©^ 

IHffitiU LLC-MK2«Bfla ffl t ^ fc o LLC-MK2«fci\ 10 0 / 0 OijSIlfe»^^ 
Jllfilif(FBS), ^-^>U >G-^ h U «j7A '50#^/mU'43«fct>*^ ^7h?^f y> 50 
Ag/ml£8&iDUfcMEJrc37°C, 5% C0 2 Ttg#bfeo SeV-F^H^MtfMM^ 
£*fr-5fc#>> Cre DNA';3>hr±-Hf(Z<t t)Fae?^^SI#l6aK^ns«fc-5 
£»:H-<*ftfc±33:7^* S K pCALNdLw/F & „ U V&^US" £ (mammalian 
transfection kit ( Stratagene ) ) £<fctK ^(D7°u h n— ;Kz^oTLLC-MK2 HB 
IS£»fc : £al*A£fTpfco 

10cm7^- >£flHv 40%3>7;u^> r £T-£W LfcLLC-MK2|fflJ&£10/zg© 
77^^ KpCALNdLw/F£3*A^ 10ml©10% FBS£^t?MEMJ£*fe(CT^ 37°C© 5 % 

co 2 >^o.^— ?—#x~24mmi%mvrzo zmmmzmm^^L, iomiJgm 

CHI»^ N 10cnr>-f-l/ 5tft%m\<\ 5ml ltfc, 2ml 2*fc, 0.2ml 2^(3^ § N G418 
(GIBCO-BRL)&1200>t£g/mlS^tflOil©10%FBS*^tfMEMmifc(3TJg«*fT^x 2 
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30t*£[§JJKUifco #^d- >{ilOcm^U- hX~^>y)l*.> 

^AxCANCreT^ffcgL InSeV-FSdff^ £ D--^;HgG (f236, J. Biochem. 123: 
1064-1072) ^ffl^TSeV-FgecD^^^^^^>rD y h J; «9 fcCF£>=fc o 

^ AxCANCre (Saito et al., Nucl. Acids Res. 23: 3816-3821 
(1995); Arai, T.et al., J Virol 72,1115-li21 (1998)) fd £ moi=3 xm$k 

3BP H i^«b^o mmm£mm±m*m.*)'m^tz'&, ?vmmmx2®m.&L 

«{il50^1 PBS^'y^r — IdiM^s l§ia©2xTris-SDS-BME sample loading 
buffer (0.625M Tris, pH 6.8, 5%SDS, 25% 2-ME, 50% glycerol, 0.025%BPB, Owl 

ttso 98°c 3^^JD^^itti*i!ifflii):^(:ttbfcc wmm (i i>- 
>^fet> lxio 5 $ffljjs) £SDS-# ut^ u;i/T^ h*y;i/ (t;i/^;ho/20s fg- 

h&iC£ DPVDFfe^M (Immobilon-P transfer membranes, MilliporetfcM) (C$e 
ilL ^^«100% p<^y-;KC30#\ 7j<tc30#F E g*IUfciffe^$l£:<£ffl l> 
ImA/cm 2 ^S^(73^T« 1 BSfUfTofco 

I£3£¥Jlfl£0.05%Tween20, 1 %BSA£«] Lfc y^>^?£(:/n y p ai- 
X, 9EP*tS!) PfT- mriim 0.05%Tween20, 1 %BSA^^nLfe^D ^dp> 
y^t'l/lOOO^IRU^JJiSeV-FJn;^ (f236) XMUX2mmRfo$-&tz 0 t&MzM 
$l£3ll20ml<DPBS-0.1%Tween20K: 5«lU?5t#lfei> PBSifciSjMT 5 # 
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@2g& LtJfei* Lfe o ^^¥M&0.05%Tween20, 1 %BSA&«Sin Lfc 7*o y *>^ig 
r«T-l/2000#^Lfc^-^^^^-^T-^I^Lfcm^^IgG^ (Goaf anti- 
mouse IgG, Zymedtt|y) lOmlSMT* 1 I^SSJitv^#fco §£$E^$l£3jg20ml© 
PBS-0.1%Tween20K 5 flfaSS UTSEj* U£«,PBSitiiittT- 5 #l!SiS« UiJti^b 

ik^-^&ibfe (ECL western blotting detection reagents, AmershamttlSO \ZX 

*) tasev-mffc ^ £x©<fr n s »'(E^jK±©a a M^^m & *t.o & .test* s 1 

i 

IC^-To AxCANCre^^^^^SeV-F©^51*^ t tJ^^ l> SeV-F«fc^atl£f3§a$ 

ft £ n tz mmmm <D 1*1 <D - o ©LLC-MK2/F7$fflfl& £ JnSe V-F^ft: 4ffl^T7 D — 
h V—MVf&'rT^fz (02). -T&fc^ lxl0 5 «£15,000rpm 4°CT 
5^ffl^hf>^«>>U PBS 200^1 7?«s#U lbOfg^JKb&fiiF^ ^ * D — .^yyifi 
ft: (f236), h U 2%FCS£^frFACSfflPBS -(BBHbS*) T«4 

°C, l^ra^U-CSJtS^-a-fco St>*.15,000rpm 4'°Cr-5^ra^tf>^^.>.Ux PBS 
200/zlTi5fcit*U FITC^bfcirC^^IgG (CAPPELtt) l//g/ml i;303TO<±tr 
mmS200#l"Cifc#U 15,000rpm'4 o CT5^P^^^UT«^Xtf 
> U lml©FACSffl'PBS^!B«Lfeo EPICS ELITE (b — ;u*-—tt«) 
>b— »f-*ffl^T, ®^^S488nm, ^^^«525nmT*^«fbfeo 
LLC-MK2/F7 Trtt SeV-F^fe^^^^^^M^^JJi#:^©^^S/Stt^m^ 

tu sev-FsaM* s m^®{3^3i^na3 fc^«B^*ife 0 

-;w-?-«-e^^nfeSeV-F^>^^M©^|gffilW. 
^^-«T^«^^tLfcSeV-F^6Mtt^0Me^tg^fetLTV^^ 

LLC-MK2/F7$fflJ}g^6cmv^-f lzm%, 3 >7;i/^> h feit^tfe^ 
VO^;i/^AxCANCre^^6CD^^ (±13) fc«fc t)moi=3T-^^ h |J7>» ( 
7.5/ig/ml, GIBC0BRL)£^i?MEM (serum free)T-37°C 5%C0 2 9 — 
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I 

i , * 

cfctK FlhF2© 2o©1t^-y Ml^L^M£ft£o ^©.ta^F^e* 5 , 

b* (pCAG/SeV-HN)£ h7>77x^i/ 3 >bt h , J7 , y> £^t?MEMT", 3B P^tg* 

MMBM^Wk^MWi (Hematoadsorpt ion assay; Had assey) T*fi£lgl/fc (0 4 
)o 1 %-y h UMlE)c£ lml/dish^riJPx, 4°CT-10^^# 

ffllt ^^l^jgCbfeC^ U „ LLC-MK2/F7T-£M^^ L T l> 3 F 

vmrnm 3 ] f^m^v A*m^mmmw& <tt>*fc* u ^t->©^ 
^ 4 © hurt* « t* * > © mmzKZ: * > ^ # 

e> it^© f ^ a ct 3 t> fc/#i;b b&*> o fe 0 «7 

^ v - T ^ ^ ;u X (C ^ 1" -5 V ^ 1/ > (psoral en) ^SD T* fiiSft^fll ( 1 ong-waveUV 
) T-©#UI (PLWUWM) fciU 7^S^T^;u;*©^S^;b££7S£-tf\ T7|g 
3il?S14#ii&fc>&^£ ^##S£ftT^3 (Tsung^s J Virol 70,165-171. 1996 
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)o ZZ-q, cpPLWUVfllilbfcy £ >=■ 7*?4)VX (PLWUV-VacT7) ' 

^^©ii^itt^fc.SR^auww^BttaB^y h^*;v^^5*^M^nfc uv 

Stratak inker 2400 (fitn&m*? 400676 (100V), X Y=7$V — >*±, LaJolla, 
CA, USA) £flHvfco ^©^s W*Se^ffl^fcF^*Bllia*»?>Fge(Z)^g3Sttia- 

i • 

S£*ifc*CD<b.Cl ©PLWUV-VacT7T- Utifgl b M© lysate £ ; 1 - ifflfla^lS 
£6«m:&^£l&»bfcUC:h#WHLfco ^^(3. £©PLWUV-VacT7£ffl^fc 

gtitefr-ofccDizttL, lO^mB&frb&Vj JVxmi&tfnjmtteK). 

I 

F^JlgWiClenhanced green fluorescent protein(EGFP) M?^!/*-^- 
i:ir6n;i/-Jl/i:toTfALfc±IB pSeV187 AF-GFP £TSB© J: o lz bT 

LLc-MK2«ffljiat3 h7>^7i^>>3> LTG??<D&.m%:nm LtzoZ(Dmm?mmz 

» . - 

LLC-MK2 «>&5xl0 6 cells/dish T* 100mm h U HH^^# N 24B#P^t£itgL V 
7U>J:MS» (365nm) T* 20£f»JIU T7 RNA/# 'J^7 —M Jt%$fci" 
SU^>t'^-> hy ?tr4 )IX (Fuerst, T.R. etal., Proc. Natl. Acad. 
Sci. USA 83, 8122-8126 (1986)) Clfit 1 mf$f&%L$ tz (moi=2) (moi=2~3 
> mmiZ\±moi=2&m^e>tl2>) 0 fflm*3mVc&LXfrt>7'5XK h* pSeV18V 
AF-GFP, pGEM/NP, pGEM/P, 7k £>*pGEM/L(Kato, A. et al., Genes cells 1, 
569-579 (1996)) *Ztl?tll2vz, 2jug, RV4ug /dish ©MltT* 

0ptiMEM(GIBC0)f;:!?S?§U SuperFect transfection reagentd^g DNA/5//1 CD 
SuperFect, QIAGEN)^:AtlT^ o* Ls M^T-10 m^iz3%¥BS^ 
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tfOptiMEM 3mHCAft, flBflStC^SQ LTJgllbfco pSeVl'87 AF-GFP ©ftfc> 13 (Z^f 
BSi: UTSF^SSeVy y AcDNA (pSeV( + )) (Kato, A.-et al., Genes cells 1, 
569-579 (1996)) £ffl^Tra«©!Uft£fTofco 3 «FH^f*^ 
^£&^MEM T»2@i5t#l, S/ h^>/ff-D-77 ty 7 v h*40//g/ml (AraC 
,Sigma), h <;r^>7.5//g/ml (GIBCO) ££*rMfiM"T?70BtffflJ« bfc.o, utl £© 
«£H]i&U hSOptiMEM l3!H»Ufc (10 7 cells/ ml ) G M 3 

Uli^ 19 ?g bTli perfection reagent DOSPER (Boehringer mannheim) b ( 

10 6 cells/25^1 DOSPER) S®-ei5#«H bfc&s F$gJj|LLC-MK2/F7 
>X7i^>a> (10 6 cells /well 12-well-plate) U jfoSI&^gifc^MEM (40 
Ag/ml AraC, 7.5^g/ml h U ^> > £^t? bfco 
^©*£HI> ^^M»3o©i^ W\ P. L^tAtiofct^f:® 

h^*iJB^bfc (0 6), 
<F&fcS*tfV #>©«£&> 

SfrfcSi^fco gfiEbfeJ;-5t«lt6WRNP*BfiJc$ns^ (pSeVl 87 AF-GFP, 
pGEM/NP, pGEM/P, WpGEM/L£ h^>^7^^h t^^ff) £ JfcfiJcS ft 

jfcl^ft: ( p SeV187 AF-GFP, pGEM/NP©2H©y°^^ 5. K©<^£ h^>X7*P h 

ft £ omiBSc&tt sGFP^3SjaHua©i£*s u r* t> << ^xs^cDM^ii u fco^e© 



WO 00/70070 PCT/JPOO/03195 

• * . . . 

-38- 

Mm<Dt%mzmz.m&if-£, 3 BBizMm£titzt%m±.m*. f^mmmtm^ 
mmmizmmizmhuL, h v risyw&tim&Tx 3 Bfflt%mLtz 0 F%m,mm 

tz ta v > ^ )v x trnta z nx ^ a z t # w z &t & 0 w±© ^ 
izmmznzzt ^t^t^tzo zcDjioizmmztitz m%zvt FK&m*> 

\MMM 4 ] F^^SGFP^ii^i';u^©^ 
t&m±.m *©">-f ;1/*&1IJKU total RNA^fflmtTs FhHN£:rD-7t;:UT 

£ L & V ^ 3 £; #BJ3 £ £ & o ( HI 1 0 ) 0 £ £ £RT-PCR£ <fc 9 GFPoaie^ttcDNA 
®^i©ii: Bi©F©^^Mf:#St 5 c i: (0 1 l ) x ffecDfce^© 

«a5i±»^s ^ ima-t-fc -s c t &mm Ltz* &±<Dztfrt>t7 rnxmrnm^t 
&<Dmmj&i±&gx^te^z t&jfi$titzo &tz, mmtftitzFX.&^j jv 
xn^^mmizx*), zcDmm&m^tzo F^&^^&^ii^M^;^ 

i:lDl«tF«3gP(c^U*;u^RNP^i:^/i^^«l«3i&WLT^fc (Hll4)o £ 
t>\Z, .<i?^;i/;*<£F£HM3^£W£SJfo?"£&:3n*f h**£'£IgG(antiF,antiHN)£ 



WO 00/70070 PCT/JP00/03195 

-39- 

FlSfi) 5 3 0f'Jt> izmmmzftl K> yk$LtlT^Z>Z.hfttefritzo WTCll* 

<Total RNAOff&fati. y— tf>^D-y hg?*fi\ & £ 1>*RT-PCR> 

FftMMf&ilC-m2/F7lz>yj)l,xm%-LT 3 Sg©if#±«*^QIAamp Viral 
RNAmini kit(QIAGEN)£ffll\ ^<Z):7d h =J — ;u Jc ft U total RNA^JftttS^Tofe 
o J|f§^ bfc total RNA (5>ug ) ^*^A7;i/r t r*£:^fr 1 %^t4T^'D-X>7 1 
^l/tZT^fthMtbTifc^ ;^a-A7D>yf^>y8I (Amersham Pharmacia 
#)&ffl^Hybond-N+^ >7*v >Ch7>^77 bfcofN& b£ ^ > ^ >i£0.05M 

©Na0HT-@/£U 2 {g#|R bfcSSCUMi (Nacalai tesque) T*Tt<>\t~Wi, /W 

' i 

7W-(-e—^3>mffi (Boehringrer Mannheim) X'30frm7 WW 7* V #V -tf 
-^>3>^tfofco ^P^>>^> (DIG) -dUTP(T;b* U^§t4) £ffl^fc5>> 
^A:r^'ADNA*ifgS?£(DIG DNA Labeling Kit, Boehringer mannheim)^^ «9 ^ 
m b F & 2> ^(iHNite^©-r P - bT imW^ 4 7 V ZZittzo 
^(Dm. * >&$c&LXs T)Vil V 7 *7s 7 * # — -trllf&JfLDIGfctte 

(anti-digoxigenin-AP)2;S/fo£-e\ DIG ditection kit£ffli^T8?#f b£o 

tb^ti^s miH^'W A±(z#S b&^ci£#BJ3£>>b^&^fc(EI 1 

0) o 

£ MdRT-PCRiZ <fc %mMtf:Mffi*?T-?tzo RTHPCRiiMM bfc^;i/J*RNA£ 
SUPERSCRIPTII Preamplification System(Gibco BRL)£fflV\ ^(D7°u 
Kft^first strand cDNA ££-fi£U LA PCR kit (TAKARA ver2.1)£ffl^T&CD 
J;a^tPCR^|fofeo 94°C/3#Sifo^ 94°C/45#,55°C/45#,72°C/90 

fj>£ i+M^i:bT30i?M ^;i/^tiflibT72 o CT-io^g^, 2%t#d-;* 

^ F^gp&dJiA bfcEGFP©5£I3f;:ffi^fc^ v forward 1 :5'- 
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atcagagacctgcgacaatgc (Sfi^US^- : 8 ) , reverse 1 : 5' -aagtcgtgctgcttcatgtgg 

imnm^ : ,9 h F^^mzmxLtzEG^tBNmB^mm^m^rzy^ 4 

"x 7 — (if or ward 2 :5' -acaaccactacctgagcacccagtc (SE^'JH^ : 1 0) , reverse 2 
: 5' -gcctaacacatccagagatcg (SH^JS^; : 1 1 K.'S & MMfc^t H Njtfc^ 
h©fHH±forward3: 5' -acattcatgagtcagctcgc (l!?!J#;5§ ; 12) i:reverse27* 
7^7- (ia^'JS-^ : 1.1) ttrofco ^©JjgHI, G¥?(DmfcTiZcWACDmmcDV% , 

^h^«-efesch$rfitif,tfe (ia 1 3)0 &±(Dz tfr%^j ^xkmrn^^tf 

* >f ;u^#^$HHS©^#±rf &28, OOOrpm, 303f^il<h Lt^-l'^S^V^h 
lX10 9 HAU/mHC^Scta^lO^#|RbfePBS(ZS^?§ib> 

>^^ifPBS(3j; 157>F^@^M^ 0.1%BSA^#t?PBSvgMT"30^mfMS^ b 
x $ Zlzm®mX'20Q{%mRLtzffl*y (f236)> i: fcteiftHN^ 

tu—i-frtfifc (Miura, N. et al., Exp. Cell Res. (1982) 141: 409-420) £ 

mT^TumftMT~GOfrmfcm$'&tzo ^<d'&w v r^PBs-e^b^ 2oofg 

#3HR Lfe^u n ^ KMISSi/iV -j; ^ IgGfcWfc&^T It HO D < «S«ST»60^P^S 

V(D±iz4%<DBmv^-^/±mmr2frmm&L&m£-&tz±, jem-i2ooexii m 
-7©x/w tmm&izvtmcD* >^?nfr<btez>ztmnt>ip£tj:t)m 1 2 

(c-\u*;i/^rnp^m^^/w zmmmz^LT^tz m 1 4) e 
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[HJlS0d5] F:X£^SeV^?*-{C<fc3in vitroT*©^a&«^©S5^ 

o t&mi8BSd^y h (SPF/VAF Crj: CD, 332g,~9 31 Charles Riyer)*^ 

r^Hflfc (5%^vjfli^h5%T^Jfllvi> 10%DMS0£^tf) DMEMlZ^U X7^^bt 
*Stt£lUfc'yW >*3?& (1.5UV>*5^ >0.2mg, V is tf&mT >17 5. >0.2mg 
% ^;m-^5mg N DNaseO.lmg/ml) feiQiU 32°CT* 5 LT 15^ 

S L T sMJWkf £ ti £ (3 * -5,* X tf ^ V > V *m *> M L fc o32°C T 1200rpm 
5#(gjj§'h Ufc^>*fflflS^B27 supplements^ Lfcneural basal medium (GibcoBRL, 
Burlington, Ontario, Canada) iz Mti&M I, # U -d- U ^ XBecton Dickinson 
Labware, Bedford, MA, U.S.A.) T' 3 — ^ ^ > y £ ft fe 7 V — h ± \Z 
Ixl0 5 cells/dish3§£, 37°C\ 5 %C0 2 T-Jg*£fT o tz 0 

^(Dxm&mmixtgmwmMffi 5xiovweii£5 bmj$#& F^ssev^* 

£lB&<*-t»- (moi=5), ^ e>(C 3 B^^bfeo 1% ^7^A7;i/fth\ 5 
% -^^JfllM, 0.5% Triton-X£^t?S5£MT : 5#^^T-@^U BlockAce(S 

mim)izx^u 2 mmyu * * > tr Lxsoofgiziibigiz tut-v v h 

microtubule-associated protein 2 (MAP-2) (Boerhinger) IgGi: ^*ST- 1 BffH) 
>a>LfcoPBSf-)T? 1 5 3 HiJfcit^ 5%-V^jfil?S/PBSt?100 

£ICPBS(-)T- 1 5 fr%\Z 3 Hl^#^s ItBISt- Vectashield mounting medium 
(Vector Laboratories, Burlingame, U.S.A.)StlDi> (Nippon 
Bio-Rad MRC 1024, Japan) X 470-500-nm £ tz l± 510-550-nm ©excitation 
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band-pass filter kftttfz Nikon Diaphot 300 ffi±LmffiMT~Ylk?-2<D$L&%i€L t 
GFP©.^(3.«tS2Slfefe<3D^tg^«:'ffofco *(D#m, MAP2 Pt$***?MK 
ttGFPtfiS t£ C h #W il^ofc (115) 0 

<IESb: h*fflJ^<£>a»A> 

37°C, 5% C0 2 T*J&*Lfco 

jEmth¥mmmf& mi s.MuscieK-iEmt vm-mm mi 5,LiverK ie 

ft rJffi€*ffllfc^ftj£« (El 5, Lung)^©b h JEmmMlZYKikMSeV^ * 
-S^LT (m,o.i=5K GFP^^H^bfeo l^ ttKDMMlZ&^Z ib WZIOO 

zzizj t? xwit^mm®.* u >*^-*--e#gtL-^ F^Msev^ 
*-*mm$-&2>mM&*ft^tzo £f\ c57bl -?<yx (m^m.) ^i50mg/kg n 

&3cfc d£5-fluorouracil (5-FU,Wako Pure Chemical Industries) £jgJ^F*)v£ 
£T(IP injection) 2 HSU *? #M«£le]i& bfco Lympholyte-M 

( Cedar 1 ane ) & ffl ^ Sgjg £J SSiS^tZ J: o T #MJ!§ £ b o 3x1 0 6 ©3M£ fcffl 
fl&f'ttU fc*;*^>^£n£}/iCD45R (B220), l^Ly6G (Gr-1), ifiLy-76 (TER- 
119), Jnl (Thyl.2), InMac-l^^^-y-feX h U 7° h T \±V >1IH-X (77 
-^:n>*±, 7i-ni/#.) 0?g£rLfcfc©£3xlO 7 £iJD;i4 0 CKT 1 RSHSiiS 

Lin* ©W^I^V>/i^®$:ll]iRUfe (Lin",«) (Erlich, S. 
etal., Blood 1999. 93 (1), 80-86) o Lin' «4xl0 5 $fflJIS^^Ls 2xl0 7 HAU/ml 
©SeV *M?L, M^x^^ hSCF (lOOng/ml, BRL), b h IL-6 

(100U/ml)^SDx.fco £fc8xl0 5 © r - * ;i/ ft flUHS C *f L T F&fcSeV 
4xl0 7 HAU/mU lxl0 6 ©$fflflgt;:*f U5xl0 7 HAU/ml©GFP-SeV£;!jD;L fz 0 GFP-SeV 
SeY^-a ^ y h pUCl 8/T7HVJRz . DNA( + 1 8 ) ( Genes Ce 1 1 s , 1 996 , 1 : 569-579 )<DU 
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i 

ct *9 ±#iJfS^-t±. ^AltfiLfco g£ftl©£&( Genes Cel Is, 1996, 1 : 569-579 )C 

lfflJ^*^ft^ti2S¥{C^(^, . -o(:li7 << nac ij ^ u > (.phycoerythrin' 
) (PE) ^I^t7t-CD117. (c-kit^ Pharmingen)* 1 B#P 0 1;S^£-fe!\ & o -m\ZMim 
^Lfeo 3mPBS£T&r$Lfc^ 7D- h^-# (EPICS Elite ESP; Coulter, 
Miami, FL)(C<fc 3#M7r£fro fc Q 

J&^©primitive|^W©^— T"^^Jnc-kit^^Ji> U 

, LLC-MK2'«{C^j!jnUv 3 B^^GFP^TO^ffiCW^tCcfc^fTofco 3*1 

5v h(F334/Du Crj, 6 M^, «U Charles River) t^SAffi* 
•ei0^g#»?Lfc(5mg/ml)^>7 r ^-;i/^h'UC7AJSffl[ (?<<i-tiiy b) £J»J3£l*! 
8»tfcJ:&Jft#U /Mfr^fflHS^ffiH^B (DAVID K0PF*±) fc/H^T-W^X 

frofco Jg-%-SH4t±interaural lineJ; t> ^1/ ^7 (bregma) -\5.2miiK 
^A^cfc f3^^2.0mm, ffiM <fc K) 2.4mm ©ffiffiK 30G ©3»^(Hamiltoh*t) 
T20//1 (10 8 CIU) SALfco 1-S^ffiS^©±3fe«BliailGFP©JSV>|g3S^JSE$'n 
tzimi 7) 0 ££>fC, F^MSeV^^^-T-tt^MCj^ia©^^^^^® 
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<1> 

m % 3KLLC-MK2JMBfla £ cfc.t>*F#g31LLC-MK2*fflJ3£ ( l'c-MK2/F7 ) £ FfcSSgY * 
^fiRSS Ub'J7'> >#ST( + ) £ ^#fiT( - )T*tg» U T3 B^©«^#±« 
©HA assay©f£lfl£^Lfc (EI 1 8A)« £ft £©^«Lt«£*ft*ft$8.W»$Bl;: 
ill, 2Big#^©H$fl©i&£<?#©HA assay©*£^£^L£:(III 1 8B) C -M*Jb 
±£&© rcj L"tffi^fcPBS*at>f o Dilution ©K^tt^ 

;W^«©#SR^*^to"To %WS»5P^HA»14-eS)^&»K*(lane 11 

:fc£t>* lane 12) ISIflKllgMi LT^3t2B^©&S<*£©HA assay&ff o 

(01 90c z<Di&m* fxmsevp j )ix%m&LtzY$¥%mmm£frizftisnw 

<2> 

gySeVfr£>QIAamp viral RNA mini kit(QIAGEN)(>: £ DIMLfctotal RNA£F5t£ 

^fc(@l 0)o C^HAlUlT^^^^^MtCfiF^iiyy 

tiK ^=3D-f K«i»tfeFSe&sgltt1 _ Sta^TtiS./iSL'&* i ofc(ia2 0) o 3 
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(D Z. £(iF-less© b* U ;* >©#SEfc^ UFS & < T *HNgaJ^» i C Cr-f 

# t* U 31- > t L T BfiK £ ft 3 £ BJ3 b fc o FJ£3& T" SeV fc' >J ^ > # JBfifcT £ -5 

dhtifr-tcffi^^n*!) (Leyer, S.etal., J Gen. Virol 79, 683-687 (1998) 

SeV F^tiRNPSr^tft: U tf>£**££M#T^3C ££^LTlv3 0 
<3> 

i 

RNPUIBtt^ >^a-7i:^^titu53i: £011 "f S #> lz s * *~ v V U # 
V— A(DOSPER,Boehringer mannheim)^^-&bT. ^*ST*15#FIf|^ >.*a^- i/ 
3 > It F^S*i:iMtt(: h 7 >^7 y a > Ifeo Z(D&m. XT' 

s^^tijfe (02 Do z.(Dz\hfrh, mwm$f*T*-mmzm$a$titz®m&tDt£ 

[fl»J 8 ] fmXMSeVf J k>t!*ht? -i ))/7>(Dmm%kj$ «fc Vifii 
<FHN^»>7V AcDNACD«SI> 

FHN^^SeV^V AcDNA (pSeV18 + /AFHN) OflHfgfi: £ !TpUC18/KS£EcoRIT-?i 
fb.LTpUC18/Eco£*tflUF^^©&88j:3 K £HN^^CD*$Jh=i K>£T- 
<Dm<D±m&}% (4866-8419) BsiwIOT£(cgtacg)*Z?g«g bfllSIUfco 

FHN^»gPte©i2^J^^->r>^T-itl^Lfc^ EcoRI^y^OH (4057bp) * 
^;U^e>E}iRbTpUC18/KS©EcoRI7^^^ > h £K£tfe;LT*HiSLfco 3CDFHN 
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i 

^H^^$:#trKpnI/Sphl7 "5 V* y K14673bp')&y;He]JKb-t pSeV18*(D 
KpnI/SphI7^V>h K P SeV18VAFHN tfi^llfeo 

-73, GFP£*XbfcFHNMflSeV cDNAcDjft^li&Oc*: 5 £fro£o pSeV187A 
FHN e>SalI/Xhol 7^^ > h (7842bp)$:IlliR bTpGEMHZ(Promega)(3 ^ D - 
->^U 77^ 5. K pGEMl 1 Z/SXdFHN h bfcoFHN^Mr(Id2EGFP (Clontech) © 
ATG-TAA (846 bp) ©j^^gCBsiwIgUju^^n bfcPCR«9£BsiwII£iliT-$Hb bT, • 
s pGEMllZ/SXdFHN©FHN^»^i©BsiwIM^a^bfeo ft ^nfe^^^ Kii 
pSeV187AFHN-d2GFP tVtzo 

mL.MCDORf^hy *7 7 * > h £pCALNdlw (Arai ^,1513)©^.— — ^^Swal gfl 
$L \Z & X b' , y X ^ K pCALNdLw/HN h b fe „ 

LLC-MK2iffflflS tc pCALNdLw/F £: pCALNdLw/HN iiH&SS it T* il^ b > 
mammalian transfection kit (Stratagene) &m^^(D7u MJ~;K:^ot« 
£^a»A£ffofc 0 G418^3MF^MiRb^^^or:->/fbfco »&ftfcJt»IW 
44^ D — -eftCre DNA W 3 > bT^— fc? &f£Mt %>ffi®k7LT ? J 4 

(Ade/Cre) huIB) Tf«*b (moi=10) s F£Iffl£&ff®8HMBS33 BftflO 

HS*PBS(-)-e3le]^bTlH|lRbx ^x^^D^r-f > ^iS&ffl^TlaSeV F 
iltrCSeV HNSaSCC^e^^D— ^-;HgGtz«t t)tftaibfc(S2 2 ) Q 
<pGEM/FHN6D#i3l> 

pCALNdLw/F^pCALNdLw/HN&^{Cffl^feFi:HN7^ > h &^ft^tipGEM4Z 
, PGEM3Z (Promegatt) \Z Z D— n > ^ U pGEM4Z/F£pGEM3Z/HN£f#fco PGEM3Z/HN 
©T7rD^-^-hHN^^tf^^PvuII^T'fi^bTff > h 

SrEliR b,pGEM4Z/F©Fite^TM©SaclJi- — bT?S0»r b¥SflHb bfcSMtt 

(C^>f— >3>bfco F«g^^HN«fE^^|s)-^(p]{C^fe*)®(i, 6tF£fe 
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mzmmzmmx § £ z t zm%% u£ 0 
mmmtn )is*<DHmm (po) &-;it)t;:fTo;feo — ?\&¥ K.mt?/( tv^n 

(iFHN±t^iMflg-eif1i o o FHN^«GFP|6^SeV cDNA (pSeV18V A FHN-d2GFP 
), , pGEM/NP, pGEM/P, pGEM/L, pGEM/FHN£^tt^*i s 12/zg/ 10cm dish, 4^g/10cm 
dish, 2/ig/lOcm dish, 4^g/10cm dish, 4/zg/10cm dish©fi]f£?g-£- b («J6£ 

3mi/iocmdishK mmLtzf^msevcDrnmrntmrn^mxiic-mzmmz 
mfc^mxLtzo m&^mA3mmm%m*Arac(40vgM\, sigma), h v^>> 

(7.5,ug/ml,GIBC0)AD©MEMfZ3»U ^t:3BMU:o it^^A^ 2 

B^xmam^mmmxmmL, pgem/fhn(Z)»©^^©b^^^iel, gfp^ 

^©iSA^T-^-r^^^^^^l^Lfco ^'©££UI. S#i^B#£pGEM/FHN£^ 
AD L^^-&iiGFP%^|fflJig©J^^ D pGEM/FHN©^iJD*^^Jl^r{iGFP 

&m^>>?}i<mmxLfrmm£titzfr-otz (023)0 FHN^es^i^^^n 
i ^ i> 3 >(d^(±f^» ^ mm^ncDYmmmm^x t> << )vx ommzmh 

(H24±)o 

Ade/Cre £ ^ L T 6 ^ \Z FHNg £ ft tz FHN*« 4 

)ixm*mmbmm&xzrzz tzmt^Lfz (1247)0 

FHN >K m GFP £ #g Jl t 2> cDNA jl/Xlli LLC-MK2 , LLC- 

MK2/F, LLC-MK2/HN, LLC-MK2/FHN^^ LT h 'J 7y>©»tit^tlfe 

o ^#3 amzG¥?mB%i%Mm(Dfc&>)*m%%Lfzt z% s llc-mk2/fhnt-gd# 
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GFPCDfitf 9 #ifE3=l£tU CfcD^ ;u*?«FHNft|g3I(C^Jilftfro r I) 7->X* 

FHN^fl>>^;i/^>y,y A^SUgf^feto, LLC-MK2/FHN«*^ (HllR^nfc^« 
±ri&31^Lfe^s QIAamp Viral RNA mini kit ( Q I AGEN ) tr CO 7° o bD-;WC 
ft£ o T RNAJft Hj £ fr o tz. <> '<! ©RNA£ Superscript' Preampl if ication System for 
first Strand Synthesis (GIBCO BRL)t <fc t)RT-PCR©^ >7U — r^rfifcSfTW 
TAKARA Z-Taq(^Sjit) £ffl^TPCR£fTofco #8l#fcJ:-F * W 

o pcrx^ ^— a \mte^k.m&fc?(DmHht)^\ ztzitmB^thmfc? 
(Dm&&t)^*m^Tft^tz(mm?tG¥?mfc?(Dmfr&tD-& (m-gfp) 

Xl± forward: 5' -atcagagacctgcgacaatgc/BB^U fl^ : 1 3, reverse: 5'- 
aagtcgtgctgcttcatgtgg/SS^'JS-^ : 14; MSte^ 1 £ L3Sfc^©i&^fc>-tf (M- 
L)l30VVT(i forward: 5' -gaaaaacttagggataaagtccc/'gB^JS-^-: 1 5, reverse: 
S'-gttatctccgggatggtgc/BB^JS-^ : 16)„ MhGFPil^^ 77 >f 

.tftfcffiSftfc-o HtLM&?*7"7'( T—tCfflvVfc»'&»4, FHN^}i&GFP£^A,£ 

o A > K #|g£S £ n fc o y V A «| jg liFHN&IB L T ^' £ £ TO £ rt» £: & -b 
(12 6). 

.JM±.iS3:lE]JRU LLC-MK2, LLC-MK2/F, LLC-MK2/FHN^6D^H^*ff ofco * 

fc#"rt*£fR^£ft (Kato, A. et al., Genes cells 1, 569-579 (1996)), ' JFFffil 
Cfe^Ti/TDilfi U-feX^-(ASG-R)^^LTW«^^MW^^-e^^> 
ft (Spiegel?) J. Virol 72, 5296-5302, 1998)o ftoT, FHN^JI 
RNA^y A^s->>f;i/7x>^D-riiFia©^M?nfct D*-># F 
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i 

i , " 

*m$kLtz mmmm<Dt^m±m^^L, m^Ltz^±m<Di5mtmm^m 
mta^m\ m&LtzismtmmzM-pcRxMtiTLfzo ^©^nis h2 7t-^u 

fz&oiZ FHN^ii >rVA§ ^tf RNA##£ f & Z. t « W U fc o 

i 

>tfiz&z>MffiT~i±s f, nm&tmmLxut^^z titw^frx&Zo fhn> 
v 4 * t >; ^- > © &m % wm & b tz t m x. z> 0 

50>a lCDD0SPER/500/i 1/wel 1 ) h ©^©^Kfttf FHNfB3K«fflia * te#|g3!LLOMK2 
SMSfcSJBLfco ^(Dl&gks ffij&Vtz¥-\essn?-(DW<&tmm, DOSPER i: rS-n L 
TTOJcMJi Lfe^(c(iGFP^MJ3S©J[£# t> *sf|^^nA $ > HN-less©b* U * 
>©^-eti^<aeliat3«^«:<. GFP$63EifflIIS#S!fl£ft&;&»ofco FHN^$BSi 

anus*? tiGFP^^aeaa^ffi* $ n fe •> -< ft£ # o fe c: t 

t>ti-&fr^tz 0 

» 

■rs$ffl«^#^«^ tfcliff'«(:il'bt«l^ Spiegel e><DXmx 

m-mnm&o. £tz\zhSG-Mz&mmzmm?zfr*m'<2>z.£&xg2>o 

1. ±tj£^fel^-??ti*i^tLfeF^iRRNPi±F-lessCD^^;i/^3i>^P — 

ftau. sfcttae^*Xtt*^ae^«s0cfc^«:4»©T«eiiatc:*AUT (rnph^ 
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I 

* 

3 . FHN t i) KM "f £ SeV V 4 (DUMm t f&V} CtzZtfr^^ GFPMfc^P ®ftfc 

4. Cin^TiC, J t>J )V*<D^=-<>f ; A; NP,P,LhF«£?-£ «tC|5jB# 

(Leyer£>,J Gen. Virol 79,683-687, 1998) £'fc N ^^*<D&ihmV 4 
> y Fg 6 ^ - Nb b ^ * - fg^ £ fit ^ -5 ( Sp lege 1 h J. Vi rol 72 , 
5296-5302 J998) 0 FlfigA^ h >j >T»j$^£iX7fe&ASG-R&^ bTffF 

mmMlz&mift\z$-VyTjy7^%%hm^-i!tiXUZ> ( Bi tzer A, 
J. Virol. 71, ,5481-5486, 1997) 0 fu©|g^©m(i-iil^^*»BJ5!c^Tfe s & 

^ * -(Dn^Mwmm tz $> %> 0 * fespiegei ^«>^Fiet^a 

[H«S«1 0] FHN^lBSeVyyA^^e;>f;i/^©S«l^*5«fcVli*@' 
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\ZtA,iZ<Dm-C, T7:7D^— ^-TflEfccDNA^ NP,P,L3H5^£aiA lfc77 X 

#J£: LT U 7t Vt^^fflV^TV^^ *D^^©^ (Kato, A. et al., Genes 
cells 1, 569-579 (1996)) T*l£, V 7 7 >¥^>(D{%frlZ\ AraC&MfT Ltffl W 

teixio 5 $fflflg^^s^^nfe^ ^ ;^«?A^nwT t^o^m-Zs v v 

c©MSi:LT, w#§/?££T-©*tM&?ifl (^©RNAtzsy^ 

181R2ftfc#>/^H^o^TRNP|£M^&^ ^©^s fcftl 

iz mmmx-m < rna* y \z > & g #©§t & £: ut - k ur & ^ 

Tt>H )IZ ^Psoralen-Long-Wave-UV^T-M-r 6 :h(:<t^7^^-7^'f;i' 
aS^fe o 
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! 

i 

V7U> ct ^DNA^ d * 'J > «fc 0 , DNA^y /A 

o b 4 >v x (Dmm & mm u . l u«r k fljasaNsiP©*^ « & # x. & i ^ 
sssrf^tjairc <h#>5rtbT-&3o ^^^-T^-f ^xii^v^^n^t-, c 
(bmiz&zt'f )vx<D?F%i<b<Dmmi) s mmz$> ht^n^tn^ *>tiz dsung, k. 

et al., J Virol 70,165-171 (1996))o '•■ .'. 

§ X ^ftteE h > x ? x. ? y 3 > t fetalis £ SB W»§fl£& m LX± > ^ ^ 4 )V 

;i/*) 0 £©*fcL ^Jf^stffe^aXR^^^o^fiKk:^*^^-;!/^*: 
3£#;L£o f3t*«(Bff.lt V7-U>t^ (UV>©*£tM*U "7* 
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;i/xnp, p, Lsas^gJi-rspGEM/Np, pgem/p, pGEM/L^^^ 5. y ^.nm\zmmz 

X CDRNA/t? 'J p< -5 — If {3 £ 0 ^ ^ 7 x ^ — Hf S & £ ^T? & £ o 

Wl^fe. UfrU T7*'J V'7l/>igW 0.3, 1/z 

g/ml^(i^^m*-r\ lO/zg/mlTfte 10#©1 llt:«^lt^feb (H2 8) 

o 

b * 5> <i $ — #iooo#© uz £ T-M^ l «7 * t * r- * #l 

mm<Df"( ^-lzmWVXmoi=2 mmm<DmW*J *-T*moi=0.002) T-^t 
&t>t>tefr-Dtz (EI3 0) o 

o£o 6well©v^ ^7D7l/- h(CLLC-MK2«^3xl0 5 « / /wellT'iiS[t. ^ 
LfcgL PLWUVMbu©^ ^-^T*6xl0 5 pfu/100/zl i: & £ £ ? lz V 2 > 

;i/*£#jfiRu PBs^^©m(c^$#feo mpi©m, 100 

//l CD OPT I -MEM (3:7^;* 5; H\ pGEM-NP, P, L, ^ LTcDNA^n^ftl , 0.5, 1 
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l 

, Ang^mtt&mz^ Superfect (QIAGEN) $10//13!jD^.n ^ST* 1 5#fifcRL 
tcW: lmlCDOPTI-MEM (GIBCO) (Rif. AraC£^t?) H'foi, JBIJISKSJB tfco 

>u 1 £ §*f^ 10 B @ ©SBWSWB £ ##3K 4 <@ L fc ( 1x10 s , Ixl0 4 ,lxl0 3 « 

fc*fteh,j£«)o 3 B^miP^^^^0lK U'HA^£«fc t) *.-f ;i/*««j5fc©tf' 
*s£S§^£ (SI). lxl0 5 «$:^?Ib}tlSP©^t), HAt&tt#*o-fcjlMlJ&- 
10 4 -£te+j£u lO^WS^tm^X, H«lfiK<Z)S*^ (Reconstitute Score) 

(iu3 Do tm^tt*i©ai'5o 
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m 
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T— ( 


■ 

O 
t-H 


CO 

o 

r-H . 




m 











X 
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+ 
CM 
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O 
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CO 
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izitmLx, mm&Ltz<b<z>&>j>te<t<z^x^tz (032)0 
-T^>c;uxs*©cPEii > gs^n^T"*M©> iooo^©^-r.^-^j^o^>r 
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(ei 3 Do mm^ F7>77x^ v3>ft(ca-3fc r 7^>-^T^>r;i/^^^-r 

5pfu/10 5 cellsW±T*(i^^ofe 0 ft-^T, ®.m^1feteV Vis =-T t? 4 

<i> vsv-g »e^M»&»#«a'ra^;wv : iiiBiia©f^« 

VSV-G «fi'M«rtt«B'iaP»«14**LTl-"i&'fc«>; Cre 'J q > tf>— If £ «fc »5 
VSV-G5t1S^M» s ^^^ia^n^ J;^l§Ht^nfcr-7^ ^ r*pCALNdLG(Arai T. 
£>. J. Virology 72 (1998) plll5-1121) LLC-MK2 

flpffi&frofco LLC-MK2 mm^<Dzr=r* * r*©a»A(iv «J >^#;i/>> ^ ( 
CalPhosTMMammalianTransfectionKit. ^ n-r>^ y'^ttS).. lz <fc >K i^stt^— 

10cm 71/ — hfcffll^ 60%3>7-;i/i> r S^^Wbfc LLC-MK2 IBMS&iO >tz 
g©7^^U K pCALNdLG £#A^ 10 ml © MEM-FCS10% 37°C© 5 % 

C0 2 -O^ra.^-^ — cfa T?24B$|igtg§i bfeo 24B#F^K|fflfl££SiJ# U 10 ml© 
'J&«lfc:M&. 10 cm U 5*fc£fflV> 5mll^ 2 ml 2^, 0.5 ml 2#fc: 

G418(GIBC0-BRU±SSO 1200 /zg/ml £^<t?10 ml © MEM-FCS10%lgflb^^# 
^fr^> 2S«(Z^i1fe^L^*^, 14BP^tg«L, Mfc^©£:^3iA^©3t#!£ 

^ffl^T2 8£fc£HJlKU£o #^D — >&10 cm 71/ — h T*n >:7;i/;c> > (z 

§^D->|;o^t, Cre D n y fc*^ — -b? £^t?M<fr&;L T^V ;i/7 
AxCANCre£^fe^ m VSV-G ^ D-t«^ffl^t, VSV-G©^^1^T 



WO 00/70070 PCT/JPOO/03195 

i * 

- 57 - 

O-OIX, AxCANCre (±12) «t 0 " M0I=10T-J8&&, 3 BIHJg* 

Lfco »«mStt^*±»*9lt)»V>fc^ PBS*g»*«T-8fc&U 0.05% h'J7y 
>, 0.02% EdW^ls> i?7 4mm)*<apnS%£ffi%L 0.5 ml.**DA> 37 
°C, 5frffl1 **;a-'<-b-r&Z£tz&t)*>*-;'\s&t) m& L fco I£Mli3 ml 
PBSjf8®*ft£!K»^ 1,500 x gT-5^«^U «£H#)£o ft^ftfcifflllStt 
£££2mlPBSiii®r&{3M^?g^, .1,500 x gt* 5 #IB»ifo#li1 r 3 £ i:£ £ *> 

Jftto£,«f£100 /zL © (RIPA Ms»7 7-, ^-'J>#- 

vwwMtg) tciu«*u »«ue®±-&&K ( i \s->mtzv i xio 5 « 

) * ffl V> T ^ i > ^ D y h ,£ fr o ft o ^ffl^li?^ & SDS - # U 7 ^ U ;i/ 7 ^ K 
>f)Vm$LfoW)mit>7')Wiy7T- C6mM h'J7-ffii (pH6.8), 2% SDS, 
10% ^U^n- ;k 5% 2-^;i'#:7hj:#y~;i/a>£&3iS£®$0 tz^ft? 
U 9 5°C5^n^«M^ifefflM*4fC#tU^o §£IS£1£ S D S -tf U 7^ U ;i/ 

h-y;!/ 10/20, g§—fb^*tiO SM^cifttcfcO^ffilL 

> di^fttaeRfc^t^^Voy b»tJ;DlK?« ( Immobilon-P 
TransferMembranes. Millipore ttJSI) KHE^Lfco 10 0% p< * y - 

Rfi5K*«I:Vl 0%7'd v*><y®m*<atsPB SMffiWlT- 1/1 0 0 0C 
#fRLfcia VSV-G ififfc (^n-> P4D4, ^^*tiO 5raUt--;i/n^ 

£AftT^>— ;bu 4°CT-#e^-y-fco 

I£$£¥JBt£ 2^4 0 ml CDP B S -0. 1 %Twe e n 2 0 tz 5^MS»U «t 
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#3R L fc^ - * * is P-VX-mmZ titziri^ tf * I g GViib (anti- 
mouse immunoglobulin, Amersham HW.) 5 m l.£ t*— — ;Wn* >.v ^(C AtW is—'))/ 

mm'&, »<E¥Bt«:2JKPBS-0. l%Twe.'en20l:5WiU ifcit 
Lfei< PBSI»i(:5^FliiU, Mlfco 
^^tS (ECL Western blotting detection reagents, Amersham (;:J;D 

3 (C^-To 3 ^ o->T\ AxCANCre VSV-G ©Sg3l#1&ffi£*uVSV-G 

V-MVtZfi-otz (EI3 4)o tpmm. LLCG-L1T-&, VSV-G M^IH^^ 

ftmmztfifotcDfcmmm&zti., vsv-g ^>^^K^ fl g^ S{ T^ 3g ^t lS 

f ie^^tfc^VA^tst>^^^;^ VSV-Git^^TO 
(C^^-&>VSV-G^^(cWt-^^^-K^^ :T^;i,*©M£#JE£,n3fr£: 

, ±tmmmiz$^m(DGF?mB^^ts? K&mtyvj Kx*m\,\ Gwm 

y -W^AxCANCre fcl&ff* t &I^LLCG-L1T*(3\ F K&m-b >V4 t?4 )lX<Dm 

mzmz.-?, vsv-Gzmm&mz-etzmj&xit, mmmtG?mm,MM<Dmntim 
fotytitzo ^©±M©i/5*$r^e>{^ gffe^vsv-G *mm%m,m£tzfflmiz 

<D±mx\zmfc*m\&&mYmmmM(DMimm%&htitzo & tz, 
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i 

( 

±if £VSV-G *MmLte^LLCG-LlMMlzmULtzmzi±, Ifimii^iiS*. 

cd©, GYTft&fflm&mmtmtbbtitefr'itzo u±<D&mtpt>; vsv-g 

£SHr >y>f ^Jl/*©£/&#fgto<bftfco 

<3> F SH£^&*&Ufc'£V Afctf-raS'i- 1 - f^^-b>^ ^.^©jlt 
£^#©1&g* 

VSV-G '»e ; P©#M©fB»&aA3fca& % .AxCANCre ©«&* (M0I=(K 1. 

2 5, 2.5, 5. io) ^fem&Y mfc?*te&.^tz>f; A&m-rzi/ 

^.I'VSV-G S§z»iilK SI#^©«Bia«-!®S5$^ 5,B @©GFP ©*PLT^a«BI!S© 

Wi&itmLtztzz, moi=o T'«^'f;i/^©i^*^<^;to?>n-r> moi=io©^ 
Mi^cii^^^fe (0 3 5), ^tz,' mmmzo^ jixm^m^m^tz 

8B§*t*14AW"#fe (136), *>OW*#ffi©afj£J± N VSV-G f^fy CD 

*ms'£, i o{gi°^®mmzftwiLtzV't frxmzmtinv, ^^5bb©gfp© 

fee 5 x 10 5 CIU/BlTfeofco 

VSVJfl;#:^<fcS«lfett©»« 

>f THz>4r-f *-f;i/;*aV VSV-G ^>^^I^tt5^t:ibt, taVSV 

#*»^U ^St* 3 0 VSV-G £i§*$g31LT^&^LLCG-Ll 

!®&U 5B§©*1S^#Atg^GFP^^«©^M^P^fco i/CVSV 

yyA*tn*>^ '>^^^T(iWJ* s if > toe ) tL^^ofe (E3 7) 0 ^©.r 
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t 

4-ihivsv-g mB^mmmmxmm vtz^^jv^^ ? %&mx& % z t * v ^ 

^^s^e ; ?n-+;imi&(Dm&te^-**^¥-vxmm$ntzm,^'5x i g 

?nizmm£tiz&(D(D^ F*>^?nitw>ai£ntefr-otzztfrt>, fk&mx 
tezzttimmztitzo 
<6> ^si-mf&*m^tzYjo£mK mfc^&K&vtzyy A§tt5ya- 

hn Mitt^K.^tz? j i+^m^z^yv^ <W;i/*£ VSV-G3I1S 

?283MJ!§LLCG-Lllz^£-fe!\ VSV-G^^tWT^^^-- F^'fr^^^© 

)v*itm\,\ ±mmmmtmm<ni5&x mm^(D%M^m\zm^tzo 
vsv-Gmmmm&mfii'^j Kxfimmtzztm%®t>fi, vsv-g ^ 

(D^d-— r©F N HN^^>#W ^;i^©£/&#tW£ftfc (H38 

) 0 -w^^©^^, vsv-g gi#Bu©m^, i omr^^^iz^mLtz 

-)-fM?l§^DLs ^^5Bg©GFP©^^«^^x.^,^^^J; £>OU 

^^^©$£Bfls^©s^^^ (ciu) zx&tzo ^<Dmm, mm^j jixm&miz 
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1 x 10 6 CIU/mlX-&Wfc 

• ' i * 

o ■ f 

^Mft&ai?tcD# M©^* * >Mffil^£ VWl^fzo -e©^, , 

)o . 

LLC-MK2 m^ti '5xl0 6 cells/dish T100 mm ^ b 'JlCils 24 B^P^g*^ 
^ ^m^^tn^mmm X 1 [I]#fc8>L£^ 3 ,ug/ml 0V7l/>}:S$|| 
(365nm) X 5 ^FMJILfc T7 RNA l> tf ^l^MIt 2> U 3 > h'^ > 

h "7 ^7 £>f JIX (Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83, 

8122-8126 1986)(vTF7-3)iI^^Tr 1' BfP^^^-a-fe (moi=2) (moi=2~3, ft 

mia± moi=2 ifim^<otiz>)o mm*, ^m^^^^mm^mx 2 mm&Ltz 

FpSeV18VAF-GFP, pGEM/NP, pGEM/P, &7J P GEM/L(Kato, A. etal., 
Genes cells 1, 569-579(1996)) ZZtl^ti 12/zg, 4//g, 2jug, RZF 4,tzg/dish 
(DMttX Opti-MEMigitMGIBCO) tZMU SuperFect transfection reagent (1 
MgdM/5u\ ©SuperFect, QIAGEN)£AtU ^UX 15#P^;&BgL 3% 
FBS£^& Opti-MEMtgife 3 ml IZAtlfz DNA-SuperFect M-SVaZMmizmu It 

tsmistzo 3mmt%mm, mm^s i^m^^^^mmmx 2 ®&?$u *>b 

is> Z J 7 7 ; b~ 40/zg/ml (AraC, Sigma )£^tfMEMigtt!lT- 70 mm 

tgmLtzo ztit>(Dmmt±m*\E\i&i^ ^n^n po-d3 vyr^^tzo po- 
ds <D^\sv b£ Opti-MEMigmfC^Lfc (10 7 cells/ml ) c m^MM* 3 ®|g 
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DILt lipofection reagent DOSPER (Boehringer mannheim) £ l^t(10 6 
cells/25/il D0SPER)^T- 15 ^FMU;I> LLC-MK2/F7 mUmz. h 

>X:7x >7 is 3 >(,10 6 cells/well 24-well-plate) U lfil?I£^£ &l>MEMi£Jfe 
(40//g/ml AraC, 7.5^g/ra h U r^>^^tf)"eig* L£o tgiT# 3 BB&cfctf 
7 B@K±?f £H]iKU ^ft^tl Pl-d3 :fc£T>* Pl-d7+f>r;i/^bfc P 

7^X=- FI:x>^d-7777; K pGEM/FHN ^4>ag/dishAn^fcU^i^ ± 

N MEMlglfeT: 2(o]#fc?i*U is hi/> 0 -D-T 7^777^^ K 40 

^g/ml ( AraC, Sigma) h U7y> 7.5^g/ml £#&MEMigife T' 48 BSF^tg* 
bfco*£«±^£l&t>l&£,]fo^£^£&^ MEM^tfe(40^g/ml AraC, 7.5//g/m h 
•;Vi>>^^tf)(C!^^^tLfelOp mm ^ r V Ml 1 4&t>CD F %M LLC-MK2/F7 M 

mmmm 5 mi &ml& 0 jsinsisih^ cn£cD«£±?sf£[H]iRu 

?ti P0-d4 it>-7°;i/^ Lfeo P0-d4.©^by h£ Opti-MEMtgife CJBjB-b (2x 
10 7 cel Is/ml), i^Sfe^S: 3 ®m*)MLX F ^ LLC-MK2/F7 *ffl«(C«jl(2 
xl0 6 cel ls/well 24-well-plate) b> lfra£^£&^MEM*gii&(40,(2g/ml AraC, 7.5 
jug/m b 'jr^Vl^lttgilfeo *£§i^ 3 B 7 BS^±^^miR 

U €ft^n Pl-d3 Pl-d7-9->r;i/i:bfeo ttmofc&b, mm*ftte?, 

<GFPfg3MJ3§©:*7 «7 > h \z £ 3CIU©$iJ/£(GFP-CIU)> 
LLC-MK2 ,«£ 2x10 s cells/well-ei2well-plate{C»#, 24 B^ig^gL ifil 
MEM^tife T" 1 \E\m&LtzW;, ±!3©+f > ^;i/(P0-d3^ fc&P0-d4 
, Pl-d3 Pl-d7)&, H44iftt# 10cm 2 pmilO~lO(M@<DP^0$TC& & "5 

fdMMJU 100/zl/wellT'^l££-tt-£o 15#&Ifil?»£^£ MEMigit!i£ 1 
ml/well ft]x.fco ££C24 «^m7fegl^TT"lim U GFPSggi 
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l 

<CIU(Cell -Infected Unit)«iJ^> 
LLC-MK2 2 10 s cells/dish -?H2well -plate izMZs 24 B$F^tg#^ 

^^^-^SeV/AF-GFPii^-r) £ 100^1/wellT^ bfco 15#gL JftL^^r^s^ 
MEMigtfe£lml/wellJJO;L> £ £ (124 B$P H 1igH bfco PBS(-)T" 31 

-bh>£ lml/well AnAit-fcJCB&DKi^ l?V<6**-&fc (JKU0#~15#ga;tt 
S)o PBS(-)T- 100 fg#3|Rb&^ Siip^tlfciitSeV*'; ? u -± frfafo 
(DN-1)& 300^1/well iO;U 37°CT-45^r B ^ >*i^- h bfc^, PBS(-)T 3 d] 

r 

i5fc*£b. PBS(-)T" 200 fg#f^ Lfem^ib-^IgG(H+L)m^^f^-^JrC<* 
(AlexaTM568:Molecular Probes#§!0£ 300//'l/well AP^., ZT'CX'ttfrm^ > * 
i^-hL£o PBS(-)-e 3 [§]i$t#bfc^ m it IB $fc§IT (Emission :560nm , 
Absorpt i on : 645nm 7 J )l> $ - : =? ^ ti #.m ) T MX £ % "f S IW £ tS£l b ( m 4 

O)o 

^ih L-t±iB-9->r;i/ (SeV/AF-GFP) £ 100//l/wellT*^L15^, Ifilri 
MEM£lml/well *D;Ls £££24 BfF^tgSt^ J^©JSf££f?fr-f 
«&®ftiI$fc§iT(Emission:360nm , Absorpt ion: 470^7^ — : a 

>7 ^ =-? t> 4 ;i^(vTF7-3)©PLtfUV( Psoralen and Long-Wave UV Light ^ 
LLC-MK2 Wm* 5xl0 6 cells/dish T*100 mm ^ h UflllJcSf^ 24 B^tg*^ 

, mm*'&£te^ mmzrn r- 1 ni^bfe^ o.3~3 //g/mi ©v^b>^« 

(365nm) T" 2-20 «Ibfc T7 RNA ^ U ^ 7— tf £$53iir£ U 
Z2 > \f i- y h V ? is — T t? >( )V (vTF7-3) (Fuerst, T.R. et al., 
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i 

1 

Proc. Natl. Acad. Sci .USA 83, 8122-8126(1986) Ut: 1 f$ ^ Jii Ifc £ -tr 7c 
(moi=2) (moi=2~3, t^Mlzlt moi=2 tfm^btiZ)*, *fflJfe£:lM£^£ MEM 
tgiifetr 2 lUtffc^Lfc^ 7°^^^ KpSeV187AF-GFP, pGEM/NP, pGEM/P, St>* 
pGEM/L(Kato, A. et al., Genes cells 1, 569-579(1996)), ZZtl^tl 12 jug, 4 
>ug, 2jug, &t>* 4/zg/dish,©Ml:tT Opti-MEMtgife(GIBCO) HfSl, SuperFect 
transfection reagent (ljug DNA/5/il .©SuperFect, QIAGEN)£A*U ^.UX 15 
ftmi&W'&. mt&tftlz 3%FBS£^&0pti-MEMtgtt! 3 ml IZ Atlfz DNA-SuperFect 

^<M*Mmzmni,xt%mLfco 3 mmtzmms m&&. Mm^^t^u mem 

igifo T» 2 Hl^^U i/Fy>/3-D-77t/77;yF 40 ^g/ml ( AraC, 
Sigma) £^t? MEMtgtfc T* 48 B^tgltLfco 100 mm ^ > V M(Dffi 1/20 JSS© 

1 . "t 

MM*m?tmnMTx»mmL, gfp^w©*^> h bfco vp^-t^j 

( vTF7-3 ) © ^ rS<b © tfc j£ 7* y - Z Mm iz ' £ 2> * 4 # — ©$J^ ( 7*#Pt e> , 
^^WlirDFn-jk, p291-296, 1995)£^to7co 

M*rBt^©^^^Tofeo ^PLWUV#13I £*to£ »7 ^ >--T^-r;i/^ (VTF7-3) £ 

) &&'£U WT©^)liT-ff o/ic 6well©x^^D:7-b — MC LLC-MK2 
5xl0 5 liJIS/well^^t, mmZmLtzik (lxio 6 M/wellf3:timbT^3£ 
{££), PLWUVMSiu©*^ tftffT 2xlO fi -pfu/lOOjul £ d t3 *7 

T<W ;i/^(vTF7-3)^#fv!b, PBSft#^©iM£^ 1B#P^©^'#. 
50^1 © 0pti-MEMtg«b(GIBC0)H^^ 5: h\ pGEM/NP , pGEM/P, SWEM/L, ^ 
LTftiJDSISeV cDNA (pSeV18 + b( + )) (Hasan, M. K. et al., J. General Virology 
78: 2813-2820, 1997) £ ^ tl ? tl 1, 0.5, 1, 4 ju g £ tiU X fc ■*» © C x 
SuperFect(QIAGEN)& 10//1 'an*. ^ST'15#;6&g Ufc^ 1 ml© 0pti-MEM(40 
/zg/ml © AraC £^tf) £j!jO;L, *EBfl§£MU£o h7>77i^^3>t, 3 B 
g{C«&®lKU 100,ul/well©PBSK^L7co -©!^iM£10^ 
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ifoisn,fc 0 (ixio 5 , ixio 4 , ixio 3 mf&zztiztimmo 3 a&mspfr 

^UfelS^©5^s HA femm-itzMW*-^ 10 4 10 3 T'iiM^i: 

±-&mm$ntzo ?o xm<xm) ©d3-d4 (3 bs-4bi) k^t, ^b<^a$t 

ti£ (El 4 l)o i2fll h ? > X? * Z i/ 3 >'&3 BB(Dfflm*W 
^fe (3B@) CtiP?.. Z(D0kft*mM3ki*£lstz («2) 0 
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2 )ixnmmzm^u^^^y^^ j^^(D?immm(DW 
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1 4] GFP£^£&^LacZ}gi!6 F ^^-tr &4 fr^^Z t> —CD 



<LacZ itfc^£^£f F SeV cDNA <Dmm> 

nmmimmcD psevisvAF ©np mfc?±WLmt&&.t % Not i wm&mz 

LacZ MfcTZmmistz cDNA (pSeV(+18:LacZ)/ AF) £|pg||-r3£#> PCR £<fc £ 
LacZ ^^©lill^rfTo fe 0 LacZ 6 (Hausmann, S et al . , RNA 

2, 1033-1045 (1996)) Jd&fc)-^ 5' 5fc{PiJfCfi NotI Wm&GLZtt^LfzT"? J 
■7- (5'-GCGCGGCCGCCGTACGGTGGCAACCATGTCGTTTACTTTGACCAA-3VlE?'JS^-: 1 7 
)£, 3'*£ SeVcDfe^^v^*^^ (E) N ^£gi2?ij (I) &£tffc^S^>^;7- 
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• i 

;i/ ( S ) £ n -5- L , NotI tDBrSP<&£ft : ¥Ufc7*7>f t— (5* - 
GCGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGCGTACGCTATTACTTCTGACACCAGACC 
AACTGGTA-3' /WMmft • 1 8)£ffll\ 7"^^.^ Y pCMV-/? (^D->T^tt 
SS)' fcllSfcLTPCRfiJifc&fTr^o RJtS^Ji, pCMV-/? 50ng, 200 /zM dNTP 
(77^v^7^Htr^ttiK 100 pM v.-. Vent #lM^.--tr 

- << > 7* 7 > hv w or ^m±m > 4u & mttv&jfo^ yyr-ttbiz m&m. 

94°C 30 #s 50 °C 1 3\ 72 °C 2 ' ^©S*BfiflE^ t7)l25®X'ft^> tzo kfcM 
tl§7*"D-7^H^itt*»i, 3.2 *n^-7©HfrK-&^DtbU MM 
NotI -ZWmL. pSeV18+/AF Not I , tymfr £ 5 A >f - > a > L T 
pSeV(+18:LacZ)/AF £f#fc 0 

'r 

LLC-MK2 *Bfl&£ 5xl0 6 cells/dish -£100 mm ^hVMtjll, 24 B$figig#& 
, Jfo$»£^£fc^ MEM T? 1 m^bfc^ 3 //g/ml .© V 7 U > J^ft^Mft 
(365nm) ~C 5 ^RMM b T7 RNA * U ^ ^ -¥&%nt %> x ) =» > tr* > > 7 7 
->r:T7'Ol'7N(vTF7-3) (Fuerst, T.R. et al., Proc. Natl. Acad. Sci . USA 83, 
8122-8126 ( 1986 )C^ilT' 1 B$F^Jgg*£i*fc (moi=2) (moi=2~3,$fi®{C(i moi=2 
jWB^£ii«)« M£JM£^£&0 MEM -C 2 m^ Lfe^ LacZ T {R 
£§J-te>7W »W ;i/7^7 7 — cDNA (pSeV (+18:LacZ)AF), pGEM/NP, pGEM/P, 
St>*pGEM/L(Kato, A. et al., Genes Cells 1, 569-579(1996)), &Ztl?tl 12 
#g, 4jug, 2vg, 4>ag/dish £ <fc -777 7 ^ K pGEM/FHN £4>tz 
g/dishflDx^ Opti-MEM(GIBCO) tz^^U SuperFect transfection reagent (1 
#gDNA/5#l ©SuperFect, QIAGEN)£A*u Mt*. 15 T^StK^ g^tfjt;: 3% 
FBS£^t?Opti-MEM 3 ml fCA*l£ DNA-SuperFect M&VO&ffll&teffitiU LTi&M 

Ltzo 3 mffiigm&s mm*s Mm*^**^ mem -e 2 ni&^u ^>i->>/? 

-D-77 t;7 7^^ h* 40 /zg/ml (AraC, Sigma) £ h D7^>> 7.5/zg/ml 
tfMEMT- 24 «fLfco lg#±?g^m 'lfil»*^*«c'0 MEMtg«fe(40^ 
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g/ml AraC, 7.5/zg/" r V 7is >%<ats) Cl^^ftfclOO mm UAH 1 
(D f mm LLC-MK2/F7 *ffl«M 5 ml b£o ^ tCJgS48^P^, Cft 

£>©M£±7*£'0iKU ^n-en P0-d3 +)->7)\/tLfzo P0-d3<D^Uy h £ 
Opti-MEMtgife izmm b (2 x 10 T , ceUs/mlh ■ mi&mM £ 3[Diit>MbT 

I ' 

i 

lipofection reagent DOSPER (Boehringer mannheim) trU.a b(10 6 cells/25^1 
D0SPER)^|gt? 15 «ILfet, LLC-MK2/F7 »l:K7>77i^, . 

i/3>(10 6 cells/well 24-well-plate) U Jfofiffc a * * ^MEMJgflb(40//g/ml 
AraC, 7.5//g/m h 'J7^>^)T'ig#Lfco .^it7 B B £±*i£[I]l& U 
Pl-d7it >r;ui: Lfco $ ^>tc±if ±M,&12-well-platetcm^fcFIB3a LLC- 
MK2/F7 £7 "C 1 BSIHIfiBfeSL MEMJgJft tgfl&T— Eft^bfe^ ifilJS*^ 

t^VNMEMtg«!l(40//g/ml AraC, 7.5 /zg/m h U r^>£^if )TJ§* bfco 
7 HBlZ±m*m>kL, ?2-d7D->yj]yt\ytzo £ h lZ±m±Si* 6 -wel 1-plate 
CJ#OfcF&l LLC-MK2/F7«^(Z 37 "C 1 B$HI«ffe», MEMtgJfe Jg«b^-|Ui5fe 
&bfc&, Jfilif £^£fc^MEMigitfe(7.5,ug/m h U 7y>^ttfK«bfc 0 i& 
*&7 BB£±i9£l§!JKU P3-d7V> 7 Jit Ltzo $ ?>ic±rS^M^10cmplate 
Cfii^&TOK LLC-MK2/F7«tti3 37 °C l,H$ia]4R$3U MEMigttl J^ifeT— 0^ 
ftbfcgL jfo?ff&^g-&UMEMJglfe(40/zg/ml AraC, 7.5,ug/m MJ :TS/>£^fr) 
-e^#bfeo ig*&7 BitC±7jf£H]J&U ?4-d7V->7)Vtl,tzo 
<l&cZmmmm(DiD O > h £ <fc SCIU©ii5£(LacZ-CIU)> 
LLC-MK2 M£ 2.5 xlO 6 cells/well^6 well-platefdlS 24 H$MJ$*£; 

jfMii££$fcn MEM^«fe 7? i mm&Ltzi£, ?2-dKDi/io^mn^nEmm-C' 

flHKU 37'Cl«m MEMigflfaT— H18fc#U 10%lfll^$^tfMEMtg«!l 1.5 
ml ^iilDlfco 37°CT?3Big*l&s «£/?-Gal r (OthP^i 

CiO^lfco 3IUcD3l^©^m^:lll4 4fC^1- 0 LacZ ^fel^tt«i5f 
£gfc;LfciS5l> l^m©*^* P3-d7-f>r;i/iz4o^T lxlO 6 ClU/ml 
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< SeVy y A cDNA(73M^ > 

'■fe>*W ij^U* (SeV) ±11^ AcDNA, pSeV( + ) (Kato, A. et al., Genes 
' to Cells 1: 569-579, 1996)©cDNA{3gf tzte Noil V J Y &&mfc=?-<D^$ - 

5(A)(D£olZi>SeV( + )*Sph l/Sal \Z*m<hLtzmfr (2645bp), Cla IX'ffiitLtz 
mfr (3246bp), RVCla l/Eco RWmit Ltzm^T (5146bp) Z^tl^ftTiSv- 
?.m%?fcW)Zfrm, m^~?Z>^> £±JL ? QIAEXI I Gel Extraction Syste 

m (QIAGEN*t®D T»HHR • Jfit^Lfco Sph I/ Sal IT'fHb LfeWr^-(iLITMUS38 (NE 
W ENGLAND BIOLABS*±§!0, C7a IZmitLtzmfr'tCla l/Eco RI TfMfb L£$rtf-& 
pBluescriptll KS+ (STRATAGENE*±iO JZ^V— :>3>U it^^D-^>^ 
Lfco Wi^XNot b©^A(3{±Quickchange Site-Directed Mutagenesis k 

it ( STRATAGENEttSO ^ofe„ ^t\?ft,(DmX\zm V— «NP-PP^T- 

ti-b >XiI : 5' -ccaccgaccacacccagcggccgcgacagccacggcttcgg-3' (iS^'JS^ : 1 
9), T>^-b>^|^ : 5' -ccgaagccgtggctgtcgcggccgctgggtgtggtcggtgg-3' (MB 
#J#-*f : 2 0)> P-MP^T-(i-b>^ti : 5' -gaaatttcacctaagcggccgcaatggcagata'tc 
tatag-3' (le^JS-Sf : 2 1), T >^-tr >^tl : 5* -ctatagatatctgccattgcggccgc 
ttaggtgaaatttc-3' (SB^JS^ : 2 2), M-FUgtrte-fe >*fl : 5' -gggataaagtccct 
tgcggccgcttggttgcaaaactctcccc-3' : 2 3), T>^-\zy^% : 5'-gg 

ggagagttttgcaaccaagcggccgcaagggactttatccc-3' (IB^'J#-^ : 2 4), F-HNP^-e^ 
-b : 5' -ggtcgcgcggtactttagcggccgcctcaaacaagcacagatcatgg-3' (IE£!J#-^- 
: 2 5), Tyj-tyxW. : 5' -ccatgatctgtgcttgtttgaggcggccgctaaagtaccgcgcg 
acc-3' (SBJiJU-Sf : 2 6), HN-LP^trii-fe >^tl : 5' -cctgcccatccatgacctagcggc 
cgcttcccattcaccctggg-3' (1B^J§-^ : 2 7), T>^-fe>;*i£ : 5' -cccagggtgaa 
tgggaagcggccgctaggtcatggatgggcagg-3' (IS?'J#-^- : 2 8) ^^tl^fr-a-J^ b. 
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m'MtLXW?fflitSall/SphmX; PMRg, MFF^iClalfrtf-, FHN^, HNLffittWa 
I/ifco RI Iff tf- * * tl -etL±I3T- -y-^^D— n>.^bfc^©^ffl^T Qui ckchange 
Site-Directed Mutagenesis kit® "To h Z3;i/£fi£i\ 3|A£fTofco iAlfe* 

-f £V AcDNA^T-fe > 7" U bfeo -^©ig^ 0 4 5 (B)6D <fc a l^aHE^ IfflCSr fc 
£NotI&#ALfc5®8 (pSeV( + )NPP N pSeV( + )PM, pSeV(+)MF N pSeV(+)FHN:fc «fcrj? 
pSeV( + )HNL) ©-fe>^W 0-017^7 AcDNA^^^bfco 

7?— tf (seap) &pcRT-y-7'^D-^>^ufco '7*7 < -?-\z\±Asc i mmmm 

•#-f h £ft";!jn Lfc5' 4 ~? — : 5' -gcggcgcgccatgctgctgctgctgctgctgctgggcc 
tg 1 3' (@B#I#^ : 2 9 ). 3' 77^ y- : 5' -gcggcgcgcccttatcatgtctgctcgaagc 
ggccggccg-3' (BB?U#*f: 3 0) *^j«U -PCRSrfr ofe, HM^IipSEAP-Basic 

(CLONTECHftSOs mM^ltPfu tourbo DNA^U^ ^— t? ( STRATAGENEftiS* ) 
Ofeo PCR|£ N Mffi&Asc ITvfUb mm^ciljfcJ:^^ ♦ HJiRLfco tf:/*n 
-r>m77X^ Kfc LTpBluescriptll KS+©Ato£ M:7j|/f^n- 
^>^1M h (/toe I-y4sc l-Swa I) ^^^^^-;i/-^@B^J-^^^^-;^tf 
^•j^zi^tiDNA [4z>^|i : 5' -gcggccgcgtttaaacggcgcgccatttaaatccgtagtaagaa 
aaacttagggtgaaagttcatcgcggccgc-3' (SH^'JS^ : 3 1), T>^-b >^II : 5' -g 
cggccgcgatgaactttcaccctaagtttttcttactacggatttaaatggcgcgccgtttaaacgcggccg 
c-3' (I2?iJ#-*§: 3 2)] £fflM^£&CD£f£M Ltz (EI 4 6 ) Q Z(D7°^7 ^ 
H©,4scl+M h t»« • UliKtfePCRMt/^^-r >3 > U £d-->^L 

fco znzNot it* mit sEAPmfc^m ft *mm.famr~m)& - mm ±ib©5 

«£l©-te>^ ^-f.^^y AcDNA£:pSeV18+©M?£ Ilt^ h Cl^ft^ft^ 
^3>Ufl#&/v£:o ^n^n©^^;i-^^^^-$:pSeV( + )NPP/SEAP, pSeV(+) 
PM/SEAP, pSeV( + )MF/SEAP, pSeV(+)FHN/SEAP, pSeV(+)HNL/SEAPjo < fct>*pSeV18( + ) 
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♦ 

/SEAPi: Vtzo : 

LLC-MK2iM£2xl0 6 cells/dish TlOOmm^^ V izm%, 2mmW%W&s 
twmm L7cT7# U ^^—trZ&MTZ 1 ) 3J>t*^->h'7^^^7 7 '>^ 
(PLWUV-VacT7) (Fuerst, T.R. et al., Proc. Natl. Acad. Sci. USA 83: 
8122-8126, i986 N Kato, A. etal., Genes Cells 1: 569-579, 1996) tz^ig-£moi=2 • 

cDNA. pGEM/NP, pGEM/P, 33 <fct>*pGEM/L£ Zfi^tilZug, 4^g, 2^g, &t>"4//g/dish 
©ajfe.OptiMEM (GIBOCO BRL*±S!0 U HOju 1 ©SuperFect transfection 

reagent (QIAGENftgO £AftT?I£rU ^T'15^g^, ^^(Z3%FBS^ 
^tf0ptiMEM3ml^*P^, mm^mu LT3~5B#r^ig* t fz<> tg#gL iftt£lfil« 
£^£&^MEMT-2tp]#fc?#fU :> hy>/5-D-77ty77V^ K (AraC) £^t?MEM 
T-72^F^m#Ufco Ctl^CDM^HllRL, ^ -J h ^lmlcDPBST-^ U ^ 

nmmwzvtzoib, mm&mmLtzo '7^y-7^^^7'j-{:t5^ 

Zti£>®WLfzmm&£ ^(ZIO" 5 -io'" 7 (C#^UTlS^C^«ib. PMf^HIiK 
U#&LT-80°C{C* h y ^ L7co^ft€'ft<D^<;i'X^*-;&£SeVNPP/SEAP 
, SeVPM/SEAP> SeVMF/SEAP^ SeVFHN/SEAP, SeVHNL/SEAP;fc <fct>*SeV18/SEAP^?-3 

CV-l«£6well 71/- Mclwell&fc £ 5 x 10 5 eel lsiToSI^ 24l$P H 1tg|iL 
tzo PBS&^> BSA/PBS (1% BSA in PBS) T~W\ 10\ 10 5 , lO" 6 , 10' 7 
bfc*l&ASeV£lI$^ >*^->>3>b£^ PBST*5t?fK BSA/MEM/T#D- 
* (0.2% BSA+2xMEM£^*©2%T#D-X£rg"£Lfc&©) £well&fc «3 3mliT 
oIIU 6B^37°a 0.5%T'^#Lfco 3ml©^^ J -)WW& 

-.mm=i:5) *is\\7L, mmwiwL, nju-xttbtemnisfzo pbst- 
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H@tfc?#^> l60{£^Lfc^*l/[-t>^ ^ ^ftttT'M^T-lBtF^ 

>.3>L£:o PBST"H[I]#t*#£L 200{g#fi! L fcAlexa Flour™ flfSH^Jn; 
^+^^rIg(G+H) (Molecular Probett) ZmZ-ZMUxmrnJ > + ^-^ a > L 

>.'■<■ , ' • * 

—©as* , ■ , 





, (pfu/ml) 


SGV18/SEAP ' 


3.9X109 


SeVNPP/SEAP 


4.7X108 


SeVPM/SEAP 


3.8X109 


SeVMF/SEAP 


1.5X1010 


SeVFHN/S EAP 

• 


7.0X109 


SeVHNL/SEAP 


7.1X109 



LLC-MK2*M£6well 7°U- h iclwel l&fc t) 1-5 x 10 s eel ls"Toi#^ 24B5R9 
J&U SEAPTy-t?^£fifofco T y -b ^Reporter Assay Kit -SEAP- (MWffi) 

r-ffv\ j ^^-vT^-^-fif-LASiooo (m±^^r;uA) t?«j^ufco anj£ 

fii(iSeV18+/SEAP©fS&100^ LT^n^nffi^0i: LT^bfeo 04 

8 ^ l ^ -rtKDtiLWiz sEAPrnte^zmx u fc®£-r* & seap^^*^ ztitz 

o SEAPrSt4ii^yACDT«tl3i&M-rSiC^oTTAS»?^ ffcfc t>3g3i*#T#o 
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[HS£0'J 1 6 ] ^"^^^AF-HN^SJg^^ct^^^SeVJiiH^j^CDfuJJ: 
&;L?^-T(vTF7-3)£^3£#K 7^^-7fflttIfiiia Ds ^ISM® 

£>ftT^£ (Lamb and Kolakofsky, 1996, Fields virology, pll89) 0 ^ft&FHN 

r 

^ (D \2\m®jm £ fa±? & c: ^ z t tz ommmmm&fm&mte % mm* 

tZo 

10cm*Iflatg#lin(3l00%n >y V > h lI&o£LLC-MK2M (1 x 107dish)& 
T$:moi=2T"^(c4b'^T^ 1 B#F^ d2EGFP£*g*s-f S 
FHN^cDNA (pSeV18VAFHN-d2GFP (gH5£0iJ8) , pGEM/NP, pGEM/P, pGEM/L, 
pGEM/FHN&^ft-efts 12^g/10cm dish, 4#g/10cm dish, 2//g/10cm dish, 4// 
g/lOcm dish, 4>ug/10cm dishCDiRitT-^-S- L (final vol, 3ml/10cm dish), 3fi 
£^#AS£3£ SuperFect(QIAGEN)£ffll^T, fui&Lfc F^£«W 
|5ja^^i£^LLC-MK2«^?t^#A tfeoMlS^^A 3 B#F^«£Mliitg 
*feT"3[il#fc#U ®?iiS^(1000rpiD/2inin)T«fiJ^nfe*iaS^l5]itKU 
-D-77tV77;^> K (AraC) 40/zg/ml, SIGMA), h 'J 7°^> >(7.5/zg/ml , GIBCO) 
S^tr^&JfoiSMEMigfl&lcSI® L^ffiCiDx, — HftJ§# LfcoS'JfciCffijft LfclOcm 
^-^-bT*100%=2>7 l/> h £&o£FHNSS8^liflS£77V ^ ;i/*AxCANCre 
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t * ♦ 

1 * - • • ' • 
I 

zmi^ox-ftmrnm^ mm, mm, mm. 2bb\ zBn<6mm%zti*ii5m\ 

PBS(-)T*-r[Si$fc?tU cell dissociation solution (SIGMA)tZ«t Ott^fii* 5 L 
,<aiiji^(1000rpiD'/2inin)T*fflflS^*to>AraC(40^g/ml, SIGMA), h U 7$/>(7:5 
XZg/ml, GIBCO)*"^'tf©«lJfllJltMEMJSJfetC!B»Uv FHJW^S*:^ ^X©Sffi^L 
tzfflM (PO) lc4PA-ift««Ufco «8Sfi«»2dB^^»(I^T?«ffllia*tB* 

^bfeo mmmmC^uuMSm^ (&) £jt^ mm^mm^tzm^ (£) « 
K®^nfc$ffliia©^*$GFP^3i«*sii^(z.^ < K^tLfco^n^oaBia^iii'iR 

U 10 7 $fflJ}g/nil©0pti-MEMi^flfe (Gibcol)C!B«| U 3IIKJMfiliWBLfe^ -f -fe^ h 
^ii^#l>T2B^©FHNi±^^«(Z : 10 6 ' cells/100#l/welli®&U 
AraC (40//g/ml, SIGMA), h>J7>» (7.5/zg/ml, GIBCO) £^£?©Ml7fMEMt3 
«TC N 37°C 5%C0 2 ^>^ra.^-^--e2er H 1^#UfePl«tg#±^©^-(';U^ 
2jfiffi£CIU-GFPT-$J5£Lfc (i4) c ^£>*£IH> FHN«a»*«4 85MHrc'fcfc#>f )VX 

(Dmm$hmm%&t>ti?s mm 6 B#p^u^©«mMic i &&tiabxtf r^ficb 
to e>nfco p i wte±»*fcisaj£jtn,fc «w 6 mm'&vnmmm-t & 



i4 PT')ix&&¥-MMffinmmz£2>%.$:Sevmm 



GFP -CIU 


xl0 3 /ml 


FHNcell+ad/cre 


FHN cell- 


4h 6h 8h 2d 3d 


8-10 


6-9 80-100 70-100 60-100 20-50 
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mno* >/*?n(D**z* >MVfiz& vffl^tzo *<Di&m. -tzyyj t> 4 )ix 

[Hiffifll-l 8 j F*5 i OTIfi? ^ ^ I /: ^ 7 A § 5 i/ a - h'^ ^ 7Hr > 
VSV-G^gSil* £ ffl ^ T f# £ tl tz F & J: mMfc ^ £ ^ b >f J A £ ^ ? 3 ^ 

VSV-G) (i/^VSV^*T»^^©^^:^}iP$)J^I¥tf)?>tlfe* s . *%:(Dt\.®t&m-f 
t>4 jix F,HN) ^{ittif&JtfKtofcft&froife (85 1),,:© 

[H»J1 9] ¥Mte?£¥&£mmfc : j L ZK&\stzf; A%£ir K 
:7-tr>^ *?4 )\sX<D®m%}MMM<b&*m^tzffiM 

^ESIlSi & fr o fe o 20~60%CD y 5 ^ i > h £ BfiE £ # 3 £ •> -f ^ * * 
£±Jf £-fc!\ SW41D — (Beckman) -£29000rpnk 15~16B5RfljS»'&<S:fTo;fco 

.^KVSV-G* W^R*tt5^i- K^'f7©t>^'>'f^Tft5ii: 
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)]/*m&(Dt> >sv?n&£mn* w^ff>vsv-G* w^M&i^^^.a 
a— -f r-t>^-Y <y 4 )ix&$:(D$ >^?n. vsv- 

& & «i 1 tm%%£ ft 7c ( m 5 2 ) o 

[HWJ2 0] Fjlfs^ilF^ct^HNaie^^^tfe^y 

* ^ r-fe > ^ V ;b x ic J; 3 ^MayRMJfo'©^ 

F^fc^2;7cteF,HN3ii£^£^L7c^y Y $ 4 7°-te y ¥ 4 

j&m®£tfEs§iU7co Fjus^^^tfeyy A^^-r^^-r^^ (sev/ 

AFs &&WSV-GX->^- Nbb7c SeV/ AF(VSV-G)) ^zl- K^-r^-fe>^"-r t> 

JS& § T V > 2) © tfflg&l £ ft o - ft > F& «t t>'HN5i1£ ?&^bt^yA?:tt 
S^i-K^r-fe^-f^^* (SeV/AF-HN(VSV-G)) J&&«IIIIS±tC» 
mt±<&%X^te\,^c\t&Wt>frtte-2tz (053), 

[ 2 l ] Ymfc^ ^Lfcy^A^t^ VSV-G ya-h^^7t>y 

^;i^©^3Wi^ *ttlz^&f£3 a §©£,1MfC#gS!L£GFPS£Flow 
cytometory £flH > T ^J^ L £ oFjUS^ ^^Lfc^V A^^tSi/a-K^'f 7 
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£^-rLLC-MK2JTO£3> h u—jyt LTlt$££fTo7co t h^P^^f > 

Jurkat«T(i,=i > h n-;u^tb^LT 2 {£*IJg©F3tfc^£^£ Lfc^VA£ 
'54)o 

[H5£^J2 2 ] NGF^3I£^«)<L£F^^>^ )\,7>i? $ -£>#M 
<NGF/SeV/AF©^«fi£> 

NGF/SeV/AF©S^(i_hH3 I"x>^d- 775 ^ ^ K + : F $g3S$Hfl3£JI& J (C 
tfcoTtf^Tco tfCSeV^U t u—ffrtfifo&m^frJim 

<NGF/SeV/AF©-j7-r y Afitl^(RT-PCR)> 

NGF/SeV/AF«>^;i/^yy A (1*15 5 ±) S^BtSfc^ LLC-MK2/F7*fflflg^ 6 
IUiR$nfetgit±M *5Si^Ufe^ QIAamp Viral RNA mini kit (QIAGEN) "£*;€-<£> 
^•n h 3— ;Wlt£oTRNA}flffl£fTofco C ©RN A £ SUPERSCRIPT™ ONE-STEP™ RT- 
PCR SYSTEM (GIBCO BRL) £ «fc t) RT-PCR©^ >r U— h ^^ct^'PCR^^ro fco 
^lHli, MiO^SeV cDNA (pSeV18* b( + )) (Hasan, M. K. et al., J. General 
Virology 78: 2813-2820, 1997) fcffl^fco PCR^°^ -i x 7 — {iNGF-Ni:NGF-C$:ffl 
-otzo NGF-N^o^T«> 7 * "7 — h* : ACTTGCGGCCGCCAAAGTTCAGTAATGTCCA 
TGTTGTTCTACACTCTG (1B?!J#^ : 3 3), NGF-CtCO^TliU DM— * : ATCCGCGGC 
CGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGTCAGCCTCTTCTTGTAGCCTTCCTGC(1H^J#^- 
: 3 4) fcflgJBUfco ?(D%&m, NGF-NfcNGF-CfcS^^^-KIffii^fca^ttx R 
T^T"eNGF/SeV/AF{iNGFtZ^M6*J5&^^> Kj&*tftttl£nfco#JBt¥CliA> Kfcfc 
tftffl£il&iPo& (H5 5T)o 

[H»'J 2 3 ] NGFfcfe^ £f§*6 LfeF^^SeV©|fflM^(C^31-r^NGFS 
6©£S£:in vitrorS-MJ^ 
J&S&RVNGFgacDfgJUis jtS10cm^^&ififl6cm^b — h (c &fi:conf luent 
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tC m m £ tz LLC-MK2/F s& ^ & LLC-MK2 &fflJI&£ffl^TfTo£o NGF/SeV/ A F , 
NGF/SeV/ AF-GFP &LLCMK2/F *fflJj&(Z, NGF/SeV &t>* GFP/SeV(±LLC-MK2,*fflJ§& iC 
m.o.i. 7.5/zg/mL©Trypsin (GIBCO) £^<?*lM£^£ ftl^MEM 

^mx'2BmmmLrzo3Bm^ioo%(Dm^mmLrzmz, Trypsins vmmz 

, 48,000xg^T60^-5SiC 1 ^, ±*i (^ouTNGF^e©^»^t>*in vitrorSt£$J>£ , • 
SrfTofeo #f£Wra^ F^SSeV (NGF/SeV/ AF, NGF/SeV/ AF-GFP) (HI 5 5 

NGFSS©^fi{iELISA Kitt?&SNGF Emax Immuno Assay System (Promega) £ 
f'J/Sbfco 7D hi-;Ki^ft^:»©?i^(c^o^o NGF/SeV/ AF, NGF/SeV/ A 
¥-G¥?RXJ^m¥/Se\(Dm^mmmm±m «t»Ctt*ft*ft 32.4//g/mL, 37.4/ig/mL 
&rjc 10.5/zg/mL©NGF^a©#SA s 5tlf>^n}to NGF/SeV/ AF, NGF/SeV/ AF-GFP 

m*<DXG¥m&&£mmm-c&*)s ¥#.kmseyiz &ix &-h&fi©NGF©$83E#& 

lii«ejia^SS[^il*-C©^#«l^?Stt*:Jiia^fTofe (Nerve Growth Factors 
(Wiley, New York), pp. 95-109 (1989)) 0 J36£10Hlft©n <7 h UE«fcb&tBW*£ 
ffifcEJOffiU 0.25% Trypsin (GIBCO) T-37°C 20ftmm&ftWt Vtzo lOOunits/mL 
©penicillin (Gibco), lOOunits/mL © streptomycin (Gibco), 250ng/mL © 
amphotericin B (Gibco), 20 n M © 2-deoxyuridine (Nakarai ), 20 u M © 5- 
fluorodeoxyuridine (Nakarai), 2mM L-glutamine (Sigma)St>*5%©ifll?S$r^tfiS 
^*;i/^-;*©D-MEMlgit&£<£ffl U96-well:7U — h Klwell&fc t) ^5000{@©i&fflg& 
m&Xtgm&fflifeistzo7'l'— b&poly lysine— h Ufc96-weliru— h (Iwaki) 
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t 

fcHl-laminin (.Sigma) T*n- h LTftlfco *g#WJSftrti:=i > h n-^T-ifc 
SNGFSa*i^ttifelcill!IUfcSeViS»»'eDJSil±?i*«SjtoUfco30a, W«MIT 
"ClllllSSfiJfcfailJfcfc:* Alamerblue (CosmoBio) £«D L ^ h3>b";r££ 
£M^M44£JitiVLT (530nmri!]|eLfe590nincDm^Jg^«iJ^) 
i^lfofeo u'>hD-;u (NGF^iDML) St>*SeV/^p^-GFP (GFP/SeV) CDj® 

NGF/SeV/AF, NGF/SeV/ AF-GFPSy c NGF/SeV©^^$fflflStg^±r*$:^AP ( 

i/iooo#f^) §s^^^^jg©±#^m^n^m^^<^ 

#ii£mSt££WLT^3^¥'Jffr£nfc (15 6), ^Lt^ Z (Dim±ELlSMZ & 

5f<«)feNGFg a m&mmz mm? z> ^t*^ o tz „ c ^ ^gMMtTT-muft 

., ... 

£4>te&£*TU NGF/SeV/AF, NGF/SeV/AF-GFP^t^NGF/SeV©^^*ffliia^*±?t* 

mn-rz>znz£tj\ £mmm<Dmi3U£mwte$*m%m&mm$titz (m5 7) 
x^&tmMgtLtzo 

1 ) kdeno^Cve(Dmoi tmmmm , 

II& 3Adenb-Cre<Z>moi o TLLC-MK2/F(Z^^ -frF^ 6 ©fgJj!£:S§* U tz'& 

, m&cDftmmhmmmmmk&m^tzo 

moi=l©jl^{3l:b^moi=10CDJ^^31«^ z f 1 ©^ofe^ (05 8), mmmh 
, 12h, 24h, 48h^©^*$rli^fei:C5. ^"f ft&g»gH8B$^g '£Fg fi© 

moi=K 3, 10, 30, 100T**fflJJ£KJlffc ttttOWft^^lCif 
bfe^s moi=10^T'(3«P^(zgI^©M* s Sf.tf)^n^A i ofc^, moi=30£Lhf;:& 

3 tmmmm^mm^titz m 5 9 ) Q 

2 ) ' 

LLC-MK2/F(3 M LT Adeno-Cre<£ o T Fg & ©£gijl £ L T £ 7ft £ T* i^tt b 
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LLC-MK2/F,«££AfU -BfttgHLfc^ ^^PBST—[U^ Iti)^ 

, 3.7%©Formalin-PBST-5^P B 1H^tfco PBST'M^-®^ Lfc^ 

0. 1% Triton X100-PBST5^P^MS U"t> #CFg 6 ;E J >7 u i—frifiM 7 -236 )( 100 

PBST" a?tttl/ -If -SM^m £: t> Lfzo 

?(Dmm, 7ttB£T-miXLtzfflm(Dm&<Dftmmizmi£tiii}>r>tz (160) 
o mmmz-b. ^LxsevcDm^t^mmz^mmtamtmm^tit^-otzo - 
20^ g s r« auft u £ « £ Jjt^ t? fluife i*j ©fs e © # ^u^m^tzt 

MfiWi8s§i£*i£ (06 i )o 
mmm2 5] gfp-ciu tvisev-ciut (Dmmmm 
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1: LLCMK2/Ad(moi=1) 
2: LLCMK 2f F/Ad(moi= 0 ) 
3:LLCMK#F/Ad(moi=1) 
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1 : LLC-MK2/Ad-Cre(Negative Control ) 

2 : LLC-MK2/F/Ad-Cre/P0 

3 : LLC-MK2/F/Ad-<:re/Pl 

4 : LLC-MK2/F/Ad-Cre/P2 

5 : LLC-MK2/F/Ad-Cre/I>3 

6 : LLC-MK2/F/Ad-Cre/P4 

7 : LLC-MK2/F/Ad-Crc/P5 

8 : LLC-MK2/F/Ad-Cre/P6 

9 : LLC-MK2/F/Ad-Cre/1>7 
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• 11 . SEQUENCE . LI STING 

i 

<110> DNAVEC Research Inc. 

<120> Paramyxovirus vectors deficient in envelop^ genes 

»•..' i / . 

<130> D3-103PCT • 

<140> , • 
<141> 

<150> JP 1999-200739 
<151> 1999-05-18 

<160> 52 

i ■ . ( 

♦ 

<170> Patent In Ver. 2.0 

<210> 1 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Sequence 
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i 

<400> 1 . 

atgcatgccg gcagatga < 

<210> 2 
<211> 18 
<212> DNA 

<213> Artificial Sequence 

<220> : 
<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 2 

gttgagtact t gcaagagc 

<210> 3 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 3 



WO 00/70070 PCT/JP00/03195 

3/25 

I 
l 

tttgccggca tgcatgtttc ccaaggggag agttttgcaa cc 42 

<210> 4 • , 

<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:. Artificially 
Synthesized Primer Sequence 

<400> 4 

atgcatgccg gcagatga 18 

<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 5 

tgggtgaatg agagaatcag c 



21 
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1 

<210> 6 ( . .*• '.«' 
<211> 30 
<212> DNA 

<213> Artificial Sequence , , . 

<220> . , 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 6 • , • 

atgcatatgg tgatgcggtt ttggcagtac 30 

<210> 7 ' 
<21i> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 7 

tgccggctat tattacttgt acagctcgtc 30 

<210> 8 
<211> 21 
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i 

<212> DNA 

<213> Artificial Sequence 

■ • * 

<220> 

<223> Description of Artificial Sequence: Artificially . , 

Synthesized Primer Sequence , 

<400> 8 

atcagagacc tgcgacaatg c ( " 21 

<210> 9 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 9 

aagtcgtgct gcttcatgtg g 21 

<210> 10 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence • 

t 

<400> 10 ■ 

acaaccacta cctgagcacc cagtc 25 

1 - . i 

<210> H • ' ■ 

<211> 21 ' • • • 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 11 

gcctaacaca tccagagatc g 21 

<210> 12 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 
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I 

I ' ' i 

<223> Description 1 of Artificial Sequence: Artificially 

Synthesized Primer Sequence 

V 1 . ■ 

<400> 12 • 

acattcatga gtcagctcgc , 20 

t 

<210> 13 
<211> 21 

<212> DM i 

i 

<213> Artificial Sequence • . 

• ■ . ■ •'(•".'' 

<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 13 , 

atcagagacc tgcgacaatg c 21 

<210> 14 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 
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<400> 14 

aagtcgtgct gcttcatgtg g . 21 

i » • ♦ 

<210> 15 * ' , 

<211> 23 . 

<212> DNA 

<213> Artificial Sequence • .. 

. • ■' ■ . . 

<220> : 
<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 

<400> 15 

gaaaaactta gggataaagt ccc 23 

i 

, - , i 

♦ ' . - •' 

<210> 16 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Artificially 
Synthesized Primer Sequence 



<400> 16 
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* i 
i 

gttatctccg ggatggtgc 19 

<210> 17 
<211> 45 

<212> DNA . , '. 

<213> • Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

' r 

i 

i 

<400> 17 

* 

gcgcggccgc cgtacggtgg caaccatgtc gtttactttg accaa 45 

<210> 18 
<211> 80 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 18 

gcgcggccgc gatgaacttt caccctaagt ttttcttact acggcgtacg ctattacttc 60 
tgacaccaga ccaactggta 80 
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<210> 19 ' 

<211> 41 ■ • , 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence »■ . 

* ■ • •• 

<400> 19 

i , 

ccaccgacca cacccagcgg ccgcgacagc cacggcttcg g 41 

<210> 20 
<211> 41 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 20 

ccgaagccgt ggctgtcgcg gccgctgggt gtggtcggtg g .41 



<210> 21 
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• i 

<211> 40 
<212> DNA . 

<213> Artificial Sequence 

<220> ' 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 21 

gaaatttcac ctaagcggcc gcaatggcag atatctatag 40 

<210> 22 
<211> 40 ' 
<212> DNA 

<213> Artificial Sequence 

t 

<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 22 

ctatagatat ctgccattgc ggccgcttag gtgaaatttc 40 



<210> 23 
<211> 43 
<212> DNA 
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I 

<213> Artificial 'Sequence • . 

i 

<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence . 

<400> 23 

gggataaagt cccttgcggc cgcttggttg caaaactctc ccc 43 

<210> 24 • ' . • • 

<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

1 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 24 

ggggagagtt ttgcaaccaa gcggccgcaa gggactttat ccc 43 

<210> 25 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 25 

ggtcgcgcgg tactttagcg gccgcctcaa acaagcacag atcatgg 47 

<210> 26 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 26 

ccatgatctg tgcttgtttg aggcggccgc taaagtaccg cgcgacc 47 

<210> 27 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
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I 

■ l ' 1 

synthesrzed"sequence 
<400> 27 

cetgcccatc catgacctag cggccgcttc ccattcaccc tggg 44 

* » 

<210> 28 ■ 
<211> 44 
<212> DNA 

<213> Artificial Sequence * ' • ■ 

<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 28 

i ... ■ . 

cccagggtga atgggaagcg gccgctaggt catgga,tggg cagg 44 

<210> 29 
<211> 40 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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I 

<400> 29 . 

gcggcgcgcc atgctgctgc tgctgctgct gctgggcctg 40 

■ ' 

<210> 30 

<211> 40 ■"' ' . , 

<212> DNA , 

<213> Artificial Sequence 

• . *■ i 

<220> . , 

<223> Description of Artificial Sequence: artificially , 

I 

synthesized sequence 
<400> 30 ' 

gcggcgcgcc cttatcatgt ctgctcgaag cggccggccg 40 

<210> 31' 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 31 

gcggccgcgt ttaaacggcg cgccatttaa atccgtagta agaaaaactt agggtgaaag 60 



WO 00/70070 



ttcatcgcgg ccgc 

<210> 32 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
synthesized sequence 

<400> 32 

gcggccgcga tgaactttca ccctaagttt 
ttaaacgcgg ccgc 

<210> 33 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
synthesized sequence 

<400> 33 

acttgcggcc gccaaagttc agtaatgtcc 
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74 

* 

! 

t 

Sequence: artificially 

i . 

i 

ttcttactac ggatttaaat ggcgcgccgt 60 

74 



Sequence: artificially 
atgttgttct acactctg 48 
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l 

<2i0> 34 • 
<211> 72 
<212> DNA 

<213> Artificial Sequence ,- 

» , 

<220> 

t m 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 34 

atccgcggcc gcgatgaact ttcaccctaa gtttttctta ctacggtcag cctcttcttg 60 
tagccttcct gc 72 

<210> 35 
<2U> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 35 

ggagaagtct caacaccgtc cacccaagat aatcgatcag 40 
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<210> ?e 
<211> 40 
<212> DNA 

<213> Artificial Sequence • , 

t 

<220> 

it 1 . 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 36 

ctgatcgatt atcttgggtg gacggtgttg agacttctcc 40 

<210> 37 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 37 

gtatatgtgt tcagttgagc ttgctgtcgg tctaaggc 38 

<210> 38 
<211> 38 
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I 

<212> Dp /■'". ' ■ 

» 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 

synthesized sequence ■ 

<400> 38 

gccttag?icc gacagcaagc tcaactgaac acatatac * 38 

<210> 39 
<211> 45 
<212> DM' 

<213> Artificial Sequence 

<220> ' , : ' . 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 39 

caatgaactc tctagagagg ctggagtcac taaagagtta cctgg 45 

<210> 40 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 40 

ccaggtaact ctttagtgac tccagcctct ctagagagtt cattg 45 

<210> 41 
<211> 52 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 41 

gtgaaagttc atccaccgat cggctcactc gaggccacac ccaaccccac eg 52 

<210> 42 
<211> 52 
<212> DNA 

<213> Artificial Sequence 



<220> 
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^ 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 42 

cggtggggtt gggtgtggcc tcgagtgagc cgatcggtgg'atgaactttc ac . , 52 

<210> 43 
<211> 47 
<212> DM 

<213> Artificial Sequence 

' . 't 

i . 

<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 43 

cttagggtga aagaaatttc agctagcacg gcgcaatggc agatatc 47 1 

<210> 44 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 
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i 

' t 

<400> 44 

gatatctgcc attgcgccgt gctagctgaa atttctttca ccctaag 47 

<210> 45 ' 
<211> 47 
<212> DNA 

<213> Artificial Sequence 

<220> . 
<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 45 

cttagggata aagtcccttg tgcgcgcttg gttgcaaaac tctcccc 47 

<210> 46 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 46 
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i 

ggggagagtt ttgcaaccaa gcgcgcacaa. gggactttat ccctaag 47 
<210> 47 

<211> 47 , 

<212> DNA ■ , 

<213> Artificial Sequence . 

<220> 

<223> Description of Artificial Sequence: artificially 

synthesized sequence , 

<400> 47 

ggtcgcgcgg tactttagtc gacacctcaa acaagcacag atcatgg 47 
<210> 48 

<211> 4? , 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 



<400> 48 

ccatgatctg tgcttgtttg aggtgtcgac taaagtaccg cgcgacc 



47 
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<210> 49 
<2il> 49 
<212> DNA 

<213> Artificial Sequence 

t 

<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 49 

cccagggtga atgggaaggg ccggccaggt catggatggg caggagtcc 49 

i 

<210> 50 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized sequence 

<400> 50 

ggactcctgc ccatccatga cctggccggc ccttcccatt caccctggg 49 



<210> 51 
<211> 72 



WO 00/70070 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
Synthesized sequence 

<400> 51 

ggccgcttaa ttaacggttt aaacgcgcgc 
aaagttcatc ac 

<210> 52 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
synthes i zed sequence 

<400> 52 

ggccgtgatg aactttcacc ctaagttttt 
cgttaattaa gc 
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I 

I 

Sequence: artificially 

i 

caacagtgtt gataagaaaa acttagggtg 60 



Sequence: artificially 

cttatcaaca ctgttggcgc gcgtttaaac 60 

72 
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